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NON- VOLATILE SEMICONDUCTOR MEMORY 

CROSS REFERENCE TO RELATED APPLICATIONS 

[01] This application is a divisional of prior U.S. serial no. 09/800,913, filed March 8, 
2001, which claims benefit of priority under 35 USC §119 to Japanese Patent 
Applications Nos. 2000-63798 and 2000-323199 filed on March 8, 2000 and October 
23, 2000, respectively, in Japan, the entire contents of which are incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 

[02] The present invention relates to an electrically erasable programmable read-only 
memory (EEPROM). Particularly, this invention relates to a 

data-reprogramming/retrieval circuit that temporarily stores data to be programmed or 
data to be retrieved for a caching function or a multilevel logical function. 

[03] Focused on in the semiconductor industry is reduction of cost per bit for high-capacity 
flash EEPROMs used as a file memory by miniaturization of cell structure with 
process techniques and also by multilevel logic techniques for high capacity. 

[04] FIG. 42 is a circuit block diagram of a data-reprogramming/retrieval circuit (called a 
page buffer hereinafter) for a multilevel logical operation (four-level logical 
operation) to store 2-bit data in one non-volatile memory cell in a NAND-type flash 
EEPROM. 

[05] The page buffer is provided with a latch 1 connected to a data input/output terminal 
I/O via a data input/output buffer 50 and a latch 2 that is not directly connected to the 
buffer 50. 



[06] Provided on a bit line BLs connecting the latch 1 and a flash memory cell 5 are 
transfer transistors 42 and 62. Provided on a bit line BLo connecting the latch 2 and 
another flash memory cell 5 are transfer transistors 30 and 61 . 

[07] Transfer transistors 70 and 71, and 80 and 81 are provided on a line carrying Vdd and 
a line carrying Vss, respectively. 

[08] Provided further are transfer transistors 63 and 64 for transferring a pre-charge 
potential VA and a shield potential VB to the bit lines BLs and BLo, respectively. 

[09] The two bit lines BLs and BLo are selectively connected to, or share the page buffer. 

[10] Such a page buffer is disclosed in "A Multipage Cell Architecture for High-Speed 
Programming Multilevel NAND Flash Memories", IEEE J. Solid-State Circuit 
Circuits, Vol. 33, pages 1228 to 1238, August 1998, K. Takeuchi et al. 

[11] Two bits per cell is realized, as illustrated in FIG. 43 A in that a relationship between a 
threshold level distribution for memory cell and 2-bit logic data is defined for 
allocation of the first and the second bits to different row addresses, thus achieving 
programming and retrieval of four-level data to and from one memory cell. The first 
and the second bits are the upper and the lower bits, respectively, of the two bits, such 
as, "1" and "0", respectively, of "10". 

[12] In programming of the second bit-data, data to be programmed and corresponding to 
the second multilevel row address is loaded into the latch 1 via the data input/output 
buffer 50. 



[13] When the data to be programmed is "0", programming is performed from a "1 1 "-state 
to a "10"-state in FIG. 43 A. On the other hand, when the data to be programmed is 
" 1 ", programming is prohibited, so that the "1 1 "-state remains unchanged. 

[14] In programming of the first bit-data, as shown in FIG. 44, data to be programmed and 
corresponding to the first multilevel row address is loaded into the latch 1 via the data 
input/output buffer 50 while the second bit-data that has been stored in the memory 
cell 5 is loaded into the latch 2. 

[15] When the data to be programmed is "0", programming is performed from the 
"1 1 "-state to a "01 "-state in FIG. 43 A when the second-bit data stored in the latch 2 is 
"1 " whereas from the "10"-state to a "00"-state in FIG. 43 A when the second-bit data 
stored in the latch 2 is "0". 

[16] On the other hand, when the first-bit data stored in the latch 1 is "1", programming is 
prohibited, so that the threshold level of the second bit is held as it is and both the 
"11 "- and "10"-states remain unchanged. 

[17] In this known structure, a 2-bit logic data is stored in one non- volatile memory cell in 
which the first-bit data and the second-bit data are handled as data for the first and the 
second row addresses, respectively, or two addresses (the first and the second row 
addresses) are allocated for one memory cell. 

[18] In retrieval, a word line selection voltage is set in order of VrOO, VrOl and VrlO, as 
shown in FIG. 43 A. 

[19] Data on the voltages VrOO and VrOl are loaded into the latches 1 and 2, respectively. 
Data on the voltage VrlO is loaded into the latch 1 so that, after the bit line is 
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discharged, it is re-charged or re-discharged with the data in the latches 1 and 2 to 
meet logically. 

[20] Disclosed above is an example of a multilevel logical operation. A page buffer for 
such an operation, however, requires at least two latches. 

[21] Not only high capacity for multilevel logical operation, but also enhancement in 
programming and retrieval speed for flash EEPROM is required, for example, as 
illustrated in FIG. 45 A. 

[22] In FIG. 45 A, a memory cell 100 is divided into cells 100a and 100b. After data 
loading for two pages, the data are programmed in the cells 100a and 100b 
simultaneously to enhance the programming unit for higher effective programming 
speed. The programming unit is enhanced to four pages, eight pages, and so on, by 
dividing the memory cell into a 4-divided array, 8-divided array for further higher 
effective programming speed. 

[23] Increase in the number of cell array division, however, takes a long time to load data 
for each increase in data unit to be programmed. For example, 1-page (512 bytes) 

and 4-page data loading at 1-byte data input cycle of 50ns take about 25\} s and 100 
p s, respectively. One programming takes about 200m s. 

[24] The effective programming speed is enhanced with four-fold simultaneous 
programming unit, on the other hand, the next successive 4-page programming has to 

wait for about 100^ s that corresponds to 4-page data loading. 



[25] Moreover, increase in the number of cell array division requires a large chip and 
causes high consumption of power. 

[26] As discussed above, higher capacity and also higher programming speed are expected 
for flash EEPROMs. 

[27] A programming time in multilevel operation is several times longer than that in 
two-level operation for storing 1-bit data to one non-volatile memory cell. In 
multilevel operation, a programming time takes much longer than a data load time, 
thus increase in the data amount to be programmed at once by cell array division 
serves to enhance an effective programming speed. 

[28] Enhancement in effective programming speed only by cell array division takes a long 
data load time in two-level operation and is thus inefficient. 

SUMMARY OF THE INVENTION 

[29] A purpose of the present invention is to provide a non-volatile semiconductor 
apparatus having a multilevel function for large storage capacity and a caching 
function for high-speed data load time. 

[30] The present invention provides a non-volatile semiconductor device comprising: a 
memory cell array having electrically erasable programmable non-volatile memory 
cells; a plurality of reprogramming and retrieval circuits that temporarily store data to 
be programmed in the memory cell array and sense data retrieved from the memory 
cell array, each reprogramming and retrieval circuit having a first latch and a second 
latch that are selectively connected to the memory cell array and transfer data to each 
other; and a controller that controls the reprogramming and retrieval circuits on 



data-reprogramming operation to and data-retrieval operation from the memory cell 
array, wherein each reprogramming and retrieval circuit has a multilevel logical 
operation mode and a caching operation mode, in the multilevel logical operation 
mode, re-programming and retrieval of upper and lower bits of two-bit four-level data 
being performed using the first and the second latches in storing the two-bit four-level 
data in one of the memory cells in a predetermined threshold level range, in the 
caching operation mode, data transfer between one of the memory cells selected in 
accordance with a first address and the first latch being performed while data transfer 
is being performed between the second latch and input/output terminals in accordance 
with a second address with respect to one-bit two-level data to be stored in one of the 
memory cells. 

[31] According to the present invention, each reprogramming and retrieval circuit has two 
latches enabling a caching function for flash EEPROMs for attaining high-speed 
programming speed and a multilevel function for flash EEPROMs for attaining large 
storage capacity. 

[32] The multilevel logical operation mode and the caching operation mode may be 
switched by command entry. Or, they may be executed as partially overlapping each 
other in accordance with an address of the data. 

[33] Moreover, the present invention provides a non-volatile semiconductor device 
comprising: a memory cell array having electrically erasable programmable 
non-volatile memory cells; a plurality of reprogramming and retrieval circuits that 
temporarily store data to be programmed in the memory cell array and sense data 
retrieved from the memory cell array, each reprogramming and retrieval circuit 



having a first latch and a second latch, the first latch being connected to a selected bit 
line of the memory cell array via a first transfer switch and a second transfer switch 
series-connected to each other, the second latch being connected to a connection node 
of the first and the second transfer switches via a third transfer switch, a data node of 
the second latch being connected to data input and output lines via column selection 
switches; and a controller that controls the reprogramming and retrieval circuits on 
data-reprogramming operation to and data-retrieval operation from the memory cell 
array. 

[34] This connection of the first and the second latches attains both the caching and 
multilevel functions. 

[35] After the data has been programmed in a selected memory cell, the programmed data 
may be retrieved for programming verification, the retrieved data being sensed and 
stored in the first latch. 

[36] Each reprogramming and retrieval circuit may have a multilevel logical operation 
mode and a caching operation mode. In the multilevel logical operation mode, 
re-programming and retrieval of upper and lower bits of two-bit four-level data are 
performed using the first and the second latches in storing the two-bit four-level data 
in one of the memory cells in a predetermined threshold level range. In the caching 
operation mode, data transfer between one of the memory cells selected in accordance 
with a first address and the first latch is performed while data transfer is being 
performed between the second latch and input/output terminals in accordance with a 
second address with respect to one-bit two-level data to be stored in one of the 
memory cells. 



[37] The four-level data may be defined as "11", "10", "00" and "01" from lower level of 
the threshold level range. Different row addresses may be allocated to the upper and 
the lower bits of the four-level data for programming and retrieval. 

[38] A first and a second data programming operation may be performed in the multilevel 
logical operation mode. In the first data programming operation, the lower-bit data 
is loaded into the second latch and then stored in the first latch, programming being 
performed to a selected memory cell based on the data stored in the first latch. In the 
second data programming operation, the upper-bit data is loaded into the second latch 
and then stored in the first latch while lower-bit data already programmed in the 
selected memory cell is being retrieved and loaded into the second latch, 
programming being performed to the selected memory cell based on the data stored in 
the first latch in accordance with the data stored in the second latch. 

[39] Moreover, a first, a second and a third retrieval operation may be performed in the 
multilevel logical operation mode. In the first retrieval operation, "0" or "1" of the 
upper bit is judged using a retrieval voltage applied at a control gate of a selected 
memory cell, the retrieval voltage being set in a threshold level range of "10" and 
"00" as the four-level data. In the second retrieval operation, "0" or "1 " of the lower 
bit when the upper bit is "0" is judged using a retrieval voltage applied at the control 
gate of the selected memory cell, the retrieval voltage being set in a threshold level 
range of "00" and "01" as the four-level data. In the third retrieval operation, "0" or 
"1" of the lower bit when the upper bit is "1" is judged using a retrieval voltage 
applied at the control gate of the selected memory cell, the retrieval voltage being set 
in a threshold level range of "1 1 " and "10" as the four-level data. 
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[40] Each reprogramming and retrieval circuit may be selectively connected to a plurality 
of bit lines of the memory cell array via a bit line selection switch. 

[41] Each reprogramming and retrieval circuit may have a common signal line connected 
to the connection node of the first and the second transfer switches via a fourth 
transfer switch. Or, each reprogramming and retrieval circuit may have a temporal 
storing node for temporarily storing a potential at a data node of the first latch and a 
fifth transfer switch provided between the fourth transfer switch and the common 
signal line, the fifth transfer switch being controlled by the potential at the temporal 
storing node. 

[42] Furthermore, the present invention provides a non-volatile semiconductor device 
comprising: a memory cell array having electrically erasable programmable 
non-volatile memory cells; a plurality of reprogramming and retrieval circuits that 
temporarily store data to be programmed in the memory cell array and sense data 
retrieved from the memory cell array, each reprogramming and retrieval circuit 
having a first latch and a second latch that are selectively connected to the memory 
cell array and transfer data each other; and a controller that controls the 
reprogramming and retrieval circuits on data-reprogramming operation to and 
data-retrieval operation from the memory cell array, wherein each reprogramming and 
retrieval circuit has a caching operation mode in which data transfer between one of 
the memory cells selected in accordance with a first address and the first latch being 
performed while data transfer is being performed between the second latch and input 
and output terminals in accordance with a second address with respect to two-level 
data to be stored in one of the memory cells. 



[43] The cooperation of the first and the second latches offers a high-speed EEPROM 
having a caching function. 

[44] A data programming cycle for a selected memory cell of the memory cell array may 
be performed by repeated programming pulse application and retrieval for 
programming verification, in a test mode, a cell current flowing in the selected 
memory cell being retrieved to the input and output terminals while the data 
programming cycle being interrupted during which the data retrieved by the retrieval 
for programming verification is being stored in the first latch and the second latch is 
being inactive. 

[45] A test mode for measuring the cell current during programming can be used for 
various analysis. 

[46] Moreover, the present invention provides a non-volatile semiconductor device 
comprising: a memory cell array having non-volatile memory cells, data being stored 
in a selected non-volatile memory cell in accordance with existence of a current 
flowing through the selected cell or a level of the current; and a sense amplifier circuit 
for retrieving the data on the selected bit line, the sense amplifier circuit including: a 
sense node connected to the selected bit line via a clamp transistor; a pre-charging 
circuit for pre-charging the bit line via the clamp transistor connected to the sense 
node; an inverter having an input terminal connected to the sense node via transfer 
transistor; and a boosting capacitor, one of terminals thereof being connected to the 
sense node, the capacitor boosting a potential at the sense node using the other 
terminal as a drive terminal. 
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[47] The boosting capacitor controls the potential at the sense node while data on a bit line 
is being sensed, thus precisely adjusting two-level data "HIGH" and "LOW" retrieved 
at the sense node with respect to the threshold level of the sense amplifier for 
attaining wide margin of sensing. 

[48] The sense amplifier circuit may perform bit line-data sensing with sense 
node-potential boosting by the boosting capacitor as follows: (a) pre-charging the bit 
line through the pre-charging circuit while the clamp transistor is being turned on, (b) 
continuously pre-charging the sense node while the clamp transistor is being turned 
off and the pre-charging circuit is being turned on during which a potential on the 
pre-charged bit line is varying in accordance with data stored in a selected 
non- volatile memory cell, (c) turning off the pre-charging circuit to drive the boosting 
capacitor, while applying a first potential to the drive terminal, to boost the potential 
at the sense node, and (d) applying a retrieval voltage to a gate of the clamp transistor 
to transfer the data on the bit line to the sense node. After (d), it is preferable to (e) 
lower the retrieval voltage but higher than a threshold level of the clamp transistor and 
then stop boosting the sense node by applying a second potential to the drive terminal 
of the boosting capacitor, the second potential being lower than the first potential. 

[49] These sequential sensing operations with potential boosting achieve accurate data 
judgment with no relation to variation in sense amplifier-threshold level by lowering 
data level "LOW" retrieved at the sense if it is not sufficiently low due to high turn-on 
resistance of a selected memory cell. Furthermore, lowering a retrieval voltage at 
the clamp transistor after data transfer prevents the potential at the sense node from 
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going to a negative level, as a result of potential boosting, for retrieving originally 
sufficiently low level "LOW". 

[50] Moreover, the present invention provides a non-volatile semiconductor device 
comprising: a memory cell array having non-volatile memory cells, data being stored 
in a selected non-volatile memory cell in accordance with existence of a current 
flowing through the selected cell or a level of the current; and a sense amplifier circuit 
for retrieving the data on the selected bit line, the sense amplifier circuit including: a 
sense node connected to the selected bit line via a clamp transistor; a pre-charging 
circuit for pre-charging the bit line via the clamp transistor connected to the sense 
node; a sense transistor, a source thereof being supplied with a reference potential; a 
latch having a data node connected to a drain of the sense transistor via a transfer 
transistor; and a boosting capacitor, one of terminals thereof being connected to the 
sense node, the capacitor boosting a potential at the sense node using the other 
terminal as a drive terminal. 

[51] The sense amplifier circuit having the sense transistor provided between the latches 
and sense node and connected to the sense node is provided with the boosting 
capacitor also connected to the sense node. The boosting capacitor controls the 
potential at the sense node during bit line-data sensing, thus attaining wide margin of 
sensing. The sensing operation may be executed with the sequential sensing 
operations (a) to (d) or (a) to (e), as disclosed above. 
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BRIEF DESCRIPTION OF DRAWINGS 

[52] FIG. 1 is a block diagram of the first preferred embodiment of a NAND-type flash 
EEPROM according to the present invention; 

[53] FIG. 2 shows a circuit diagram of a page buffer (a reprogramming and retrieval 
circuit) in the first embodiment; 

[54] FIG. 3 illustrates the connection between the page buffer and the memory cell array in 
the first embodiment; 

[55] FIG. 4 illustrates data transfer performed by the page buffer in the first embodiment; 

[56] FIG. 5 illustrates programming and retrieval performed by the page buffer in the first 
embodiment; 

[57] FIG. 6 illustrates re-charging in retrieval for programming verification performed by 
the page buffer in the first embodiment; 

[58] FIG. 7 illustrates internal data loading in multilevel operation mode and bit line 
pre-charging in VerifyOO performed by the page buffer in the first embodiment; 

[59] FIG. 8 illustrates second retrieval in multilevel operation mode performed by the page 
buffer in the first embodiment; 

[60] FIG. 9A is a flow chart of the second-bit data programming in multilevel operation in 
the first embodiment; 

[61] FIG. 9B is a flow chart of the first-bit data programming in multilevel operation in the 
first embodiment; 
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[62] FIG. 10A illustrates timing of data transfer from the second latch 2a to the first latch 
la in the first embodiment; 

[63] FIG. 10B illustrates timing of data transfer from the first latch la to the second latch 
2a in the first embodiment; 

[64] FIG. 1 1 illustrates timing of programming pulse application in which the solid line 
indicates "0"-programming to "1 "-programmed cell in the first embodiment; 

[65] FIG. 12A illustrates erasure in a memory cell in the first embodiment; 

[66J FIG. 12B illustrates programming in a memory cell in the first embodiment; 

[67] FIG. 13 illustrates timing of retrieval "Verify 10" for programming verification in 
which the solid line indicates programming failure in a "10" -programming to 
"1 1 "-programmed cell in the first embodiment; 

[68] FIG. 14 illustrates a programming voltage waveform on a selected word line in the 
first embodiment; 

[69] FIG. 15A illustrates data transfer from the second latch 2a to the first latch la in the 
first embodiment; 

[70] FIG. 15B illustrates internal data loading in the first embodiment; 

[71] FIG. 16 illustrates timing of internal data loading in which the solid line indicates 
retrieval from a "11 "-programmed cell in the first embodiment; 

[72] FIG. 17 illustrates timing of retrieval "VerifyOO" for programming verification in 
which the solid line indicates programming failure in "0"-programming to the first 
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(upper) bit in which "O0"-programmed cell are programmed with "00" in the first 
embodiment; 

[73] FIG. 18 illustrates timing of retrieval "VerifyOl" for programming verification in 
which the solid line indicates programming failure in "0"-programming to the first 
(upper) bit in which "11 "-stored cells are programmed with "01" in the first 
embodiment; 

[74] FIG. 19A is a flow chart of the second-bit data retrieval in multilevel operation in the 
first embodiment; 

[75] FIG. 19B is a flow chart of the first-bit data retrieval in multilevel operation in the 
first embodiment; 

[76] FIG. 20 illustrates timing of retrieval "ReadOO" in which the solid line indicates 
retrieval from "10"- or "11 "-programmed cell in the first embodiment; 

[77] FIG. 21 illustrates timing of retrieval "ReadOl" in which the solid line indicates 
retrieval from a "00"-, "10"- or "11 "-programmed cell in the first embodiment; 

[78] FIG. 22 illustrates timing of retrieval "Read 10" in which the solid line indicates 
retrieval from a "01 "-programmed cell in the first embodiment; 

[79] FIG. 23 illustrates data and threshold level in a 1-bit cell in a two-level operation; 

[80] FIG. 24A illustrates retrieval from one memory cell array using cache memory in the 
first embodiment; 

[81] FIG. 24B illustrates retrieval from two memory cells array using cache memory in the 
first embodiment; 



16 

[82] FIG. 25A illustrates programming using cache memory in the first embodiment; 

[83] FIG. 25B illustrates programming from two memory cell array (double in page 
capacity) using cache memory in the first embodiment; 

[84] FIG. 25C illustrates programming from one memory cell array using cache memory 
in the first embodiment; 

[85] FIG. 26 illustrates timing of data transfer with latch (2a) resetting in the second 
embodiment; 

[86] FIG. 27 illustrates programming using cache memory in the second preferred 
embodiment of a NAND-type flash EEPROM according to the present invention; 

[87] FIG. 28A illustrates data transfer using cache memory in multilevel operation; 

[88] FIG. 28B illustrates data transfer using cache memory in multilevel operation; 

[89] FIG. 29 illustrates programming using cache memory in multilevel operation; 

[90] FIG. 30 shows a circuit diagram of a page buffer (a reprogramming and retrieval 
circuit) in the fourth preferred embodiment of a NAND-type flash EEPROM 
according to the present invention; 

[91] FIG. 3 1 A illustrates signal waveforms in known test mode; 

[92] FIG. 3 IB illustrates signal waveforms in test mode (cell current measurement during 
programming) in the fifth preferred embodiment of a NAND-type flash EEPROM 
according to the present invention; 



[93] FIG. 32 shows potential change in "0"-programming at the second (lower) bit in 
which "11 "-stored cells are programmed with "10", the same for 1 bit-stored cells in 
the first embodiment; 

[94] FIG. 33 shows potential change in "T'-programming at the second (lower) bit in 
which "11 "-stored cells are programmed with "11" (programming prohibition), the 
same for 1 bit-stored cells in the first embodiment; 

[95] FIG. 34 shows potential change in "0"-programming to the first (upper) bit in which 
"1 1 "-stored cells are programmed with "01 " in the first embodiment; 

[96] FIG. 35 shows potential change in "0"-programming to the first (upper) bit in which 
"10"-stored cells are programmed with "00" in the first embodiment; 

[97] FIG. 36 shows potential change in "l"-programming to the first (upper) bit in which 
"1 1 "-stored cells are programmed with "11" in the first embodiment; 

[98] FIG. 37 shows potential change in "1 "-programming to the first (upper) bit in which 
"10"-stored cells are programmed with "10" in the first embodiment; 

[99] FIG. 38 indicates potential change in the first (upper) bit retrieval in multilevel 
operation (in which a selected word line level is VrO not VrOO for two-level 
operation with the second latch 2a as a cache memory) in the first embodiment; 

[100] FIG. 39 shows potential change in the first time-second (lower) bit retrieval in 
multilevel operation in the first embodiment; 
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[101] FIG. 40 shows potential change in the second time-second (lower) bit retrieval when 
the node Nl is at "HIGH" in the first time-retrieval in multilevel operation in the first 
embodiment; 

[102] FIG. 41 shows potential change in the second time-second (lower) bit retrieval when 
the node Nl is at "LOW" in the first time-retrieval in multilevel operation in the first 
embodiment; 

[103] FIG. 42 shows a known flash memory; 

[104] FIG. 43A illustrates data and threshold level distribution; 

[105] FIG. 43B illustrates data and threshold level distribution in the present invention; 

[106] FIG. 44 illustrates known data loading in multilevel operation; 

[107] FIG. 45A illustrates a known relationship between memory cell array and page buffer; 

[108] FIG. 45B illustrates the relationship between memory cell array and page buffer in the 
present invention; 

[109] FIG. 46 shows a circuit diagram of a page buffer (a reprogramming and retrieval 
circuit) in the sixth preferred embodiment of a NAND-type flash EEPROM according 
to the present invention; 

[110] FIG. 47 A is a flow chart of the second-bit data retrieval in multilevel operation in the 
sixth embodiment; 

[111] FIG. 47B is a flow chart of the first-bit data retrieval in multilevel operation in the 
sixth embodiment; 



[112] FIG. 48 shows potential change in "0"-programming to the second (lower) bit in 
which "11 "-stored cells are programmed with "10° (the same for 1-bit cell) in 
multilevel operation in the sixth embodiment; 

[113] FIG. 49 shows potential change in "r'-programming to the second (lower) bit in 
which "11 "-stored cells are programmed with "11" (programming prohibition, the 
same for 1-bit cell) in multilevel operation in the sixth embodiment; 

[114] FIG. 50 shows potential change in internal data loading in multilevel operation in the 
sixth embodiment; 

[115] FIG. 51 shows potential change in "0"-programming to the first bit in which 
"11 "-stored cells are programmed with "01" in multilevel operation; 

[116] FIG. 52 shows potential change in "0"-programming to the first (upper) bit in which 
"10"-stored cells are programmed with "00" in multilevel operation in the sixth 

embodiment, in which the singe "•£" indicates that cells failed in "VerifyOO" will be 

failed in "VerifyOl"; 

[117] FIG. 53 shows potential change in "l"-programming to the first (upper) bit in which 
"ll"-stored cells are programmed with "11" in multilevel operation in the sixth 

embodiment, in which the singe ">£" indicates that a selected bit line will be 

discharged through "11 "-programmed cell; 

[118] FIG. 54 shows potential change in "1 "-programming to the first (upper) bit in which 
"10"-stored cells are programmed with "10" in multilevel operation in the sixth 
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embodiment, in which the singe "}£" indicates that a selected bit line will be 
discharged through "11 "-programmed cell; 

[119] FIG. 55 shows potential change in the first (upper) bit retrieval in multilevel operation 
(in which a selected word line level is VrO not VrOO for two-level operation with the 
second latch 2a as a cache memory) in the sixth embodiment; 

[120] FIG. 56 shows potential change in the first time-second (lower) bit retrieval in 
multilevel operation in the sixth embodiment; 

[121] FIG. 57 shows potential change in the second time-second (lower) bit retrieval when 
the node Nl is at "LOW" for "11 "-programmed cell in the first time-retrieval in 
multilevel operation in the sixth embodiment; 

[122] FIG. 58 shows potential change in the second time-second (lower) bit retrieval when 
the node Nl is at "HIGH" for "10"- "00"- or "01 "-programmed cells in the first 
time-retrieval in multilevel operation in the sixth embodiment; 

[123] FIG. 59 illustrates signal waveforms in data retrieval; 

[124] FIG. 60 shows a circuit diagram of the first modification to a sense amplifier 
according to the present invention; 

[125] FIG. 61 is a block diagram of a flash EEPROM using the sense amplifier shown in 
FIG 60; 

[126] FIG. 62 illustrates signal waveforms in the sense amplifier shown in FIG 60; 
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[127] FIG. 63 shows a circuit diagram of the second modification to a sense amplifier 
according to the present invention; 

[128] FIG. 64 shows a circuit diagram of the third modification to a sense amplifier 
according to the present invention; 

[129] FIG. 65 illustrates signal waveforms in the sense amplifier shown in FIG 64; 

[130] FIG. 66 shows a circuit diagram of the fourth modification to a sense amplifier 
according to the present invention; 

[131] FIG. 67 illustrates signal waveforms in the sense amplifier shown in FIG 66; 

[132] FIG. 68 shows a circuit diagram of the fifth modification to a sense amplifier 
according to the present invention; 

[133] FIG. 69 illustrates signal waveforms in the sense amplifier shown in FIG 68; and 

[134] FIGS. 70A to 70C illustrate capacitors used in the foregoing modifications. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[135] One of the concepts of the present invention is to mask a long data load time taken for 
known EEPROMs, which is caused in enhancing effective programming speed only 
by cell array division as has been discussed. 

[136] For example, the present invention uses two caches as illustrated in FIG. 45B for 
masking such a long data load time. 



[137] FIG. 45B illustrates caches (data registers) 140bl and 140b2 connected to page 
buffers 140al and 140a2, respectively, for loading the next data to be programmed 
during programming of the preceding data. 

[138] The caches 140bl and 140b2 may have functions of data transfer to and from the data 
input/output terminal I/O while the page buffers 140al and 140a2 are performing data 
programming or retrieval, storing data stably and also data transfer to and from the 
page buffers 140al and 140a2. 

[139] The other concept of the present invention is to realize multilevel function for large 
storage capacity. 

[140] As shown in FIG. 42, two latches are required for each data-reprogramming/retrieval 
circuit for multilevel function. 

[141] In order to realize the caching function as one of the purposes of the present 
invention, since a cache is connected to each page buffer, each 
data-reprogramming/retrieval circuit has two latches. The present invention 
provides a non-volatile semiconductor memory including 
data-reprogramming/retrieval circuit each having two latches to realize both 
multilevel and caching functions and further large storage capacity and high-speed 
reprogramming/retrieval performance. 

[142] Several preferred embodiments to attain the basic structure illustrated in FIG. 45B 
according to the present invention will be disclosed with reference to the attached 
drawings. 

[143] (First Preferred Embodiment) 



[144] FIG. 1 is a block diagram of the first preferred embodiment of a NAND-type flash 
EEPROM according to the present invention. 

[145] A memory cell array 100 is provided with NAND cell units NUO, NU1, NU2, and 
NUn each having a plurality of (16 in FIG. 3) series-connected electrically erasable 
programmable non- volatile memory cells MCO to MCI 5 having a stacked gate 
structure. 

[146] For each NAND cell unit NU, the drain is connected to a bit line BL via a gate 
selection transistor SGI and the source is connected to a common source line 
CELSRC via a gate selection transistor SG2. 

[147] The control gates of the memory cells MC aligned in the row direction are all 
connected to a word line WL. The gate electrodes of the gate selection transistors 
SGI and SG2 are connected to gate selection lines SGD and SGS, respectively, 
provided in parallel to the word lines WL. 

[148] A region of memory cells selected through one word line WL corresponds to one 
page, a unit of data programming and retrieval. Moreover, a region of NAND cell 
units NU corresponding to one page or integral multiples of one page is one block, a 
unit of data erasure. 

[149] A data reprogramming/retrieval circuit 140 (called a page buffer hereinafter) is 
provided with a sense-amplifier (SA)/latch (DL) for each bit line BL, for data 
programming/retrieval per page. 

[150] A memory cell array 100 shown in FIG. 3 has a simple structure in which the page 
buffer can be shared by a plurality of bit lines BL for which the number of bit lines 
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BL that are selectively connected to the page buffer for data programming/retrieval 
corresponds to the unit of one page. 

[151] FIG. 3 illustrates the region of cell arrays to and from which data transfer is 
performed between one data input/output terminal I/O. 

[152] In FIG. 1, a row decoder 120 and a column decoder 150 are provided for selection of 
word lines WL and bit lines BL, respectively, of the memory cell array 100. A 
controller 110 performs sequence control of data programming, retrieval and erasure. 
A voltage booster 130 controlled by the controller 110 generates boosted high or 
intermediate voltages for data programming, retrieval and erasure. 

[153] A data input/output buffer 50a is used for input/output of data and address signals. 
In detail, data transfer is performed between the input/output terminals I/O0 to VOl 
and the data programming/retrieval circuit 140. An address signal input via 
terminals I/O is once stored in an address register 180 and then sent to the row and 
column decoders 120 and 150 for decoding. 

[154] An operation control command is also input via the terminals I/O. The command is 
decoded by the data input/output buffer 50a and stored in a command register 1 70 for 
control of the controller 110. 

[155] External command signals, such as, a chip enable signal CEB, a command latch 
enable signal CLE, an address latch enable signal ALE, a programming enable signal 
WEB and a retrieval enable signal REB, are sent to an operation logic controller 190 
for generation of internal control signals according to operation modes. The internal 
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control signals are sent to the input/output data buffer 50a for data latch, transfer, and 
so on, and also to the controller 1 10 for operation control. 

[156] A ready/busy register 210 generates a R/BB signal that indicates whether the 
EEPROM chip is in a ready or busy state. 

[157] The page buffer 140 has a multilevel function and also a caching function both being 
switched. 

[158] The page buffer 140 may be switched to the caching function for storing 1-bit 
two-level data to one memory or even when restricted by addresses. Or, it is 
switched to the multilevel function for storing 2-bit four-level data to one memory 
cell. 

[159] FIG. 2 shows a circuit diagram of the page buffer 140 for the multilevel and caching 
functions. 

[160] In FIG. 2, two bit lines BLe and BL0 are selectively connected to the page buffer 140. 
In detail, a bit selection signal BLTRe or BLTRo turns on an NMOS transistor 60 or 
61 (bit line selection transistor) to connect either the bit line BLe or BL0 to the page 
buffer 140. 

[161] While one of the bit line BLe or BL0 is being selected, the other bit line (not selected) 
is grounded to a GND potential or clamped at a Vdd potential for suppressing noises 
generated between bit lines adjacent to each other. 

[162] Not only NAND-type flash memories, the page buffer 140 is applicable to EEPROMs 
that are capable of serial input/output of 1 -page data corresponding to a row address 
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and a batch processing for data programming to and retrieving from memory cells. 
A narrow bit line pitch causes difficulty in circuit layout of such EEPROMs because 
these memories have a fixed layout size for data programming and retrieval circuits. 
The page buffer 140 that is shared by a plurality of bit lines overcomes such difficulty 
and increases flexibility in layout while decreasing page buffer layout area. 

[163] The page buffer 140 shown in FIG. 2 is provided with a main 
reprogramming/retrieval circuit 10 having a first latch la. The page buffer 140 also 
includes a second latch 2a. The main circuit 10 mainly serves to program data. 
The latch 2a is a secondary latch for a caching function in two-level operation. 
While not working as a cache, the latch 2a supports the main circuit 10 for a 
multilevel operation. 

[164] The first latch la of the main reprogramming/retrieval circuit 10 has CMOS 
clocked-inverters Clla and CI2a, the components of each inverter being connected in 
series but in reverse order over the two inverters. 

[165] A bit line BL for the memory cell array is connected to a sense node N4 via an NMOS 
transistor 41 (a transfer switching device). The sense node N4 is connected to a data 
latch node Nl of the latch la via an NMOS transistor 42 (a transfer switching device). 
Also connected to the sense node N4 is a pre-charging NMOS transistor 47. 

[166] The node Nl is connected to a node N3 for storing data at the node Nl temporarily 
via an NMOS transistor 45 (a transfer switching device). Also connected to the node 
N3 are a pre-charging NMOS transistor 46 and a capacitor 49 for clamping the level 
at the node N3, one of the terminals of the capacitor 49 being grounded. 
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[167] A common signal line COM is shared by page buffers 140 each for one byte in one 
column. The line COM is connected to the sense node N4 via an NMOS transistor 
44 (a transfer switching device) controlled by a potential at the node N3 and also an 
NMOS transistor 43 (a transfer switching device) controlled by a control signal REG. 
The line COM is used as a signal line for carrying a supply voltage Vdd for 
selectively charging the node N4 and also for pass/fail judgment (disclosed later) in a 
programming/erasure-verifying operation. 

[168] The second latch 2a has clocked-inverters CI1 and CI2, the components of each 
inverter being connected in series but in reverse order over the two inverters, like the 
first latch 1 a. The latch 2a has two data nodes N5 and N6. The node N5 is connected 
to a data signal line "io" via a column-gate NMOS transistor 51. The node N6 is 
connected to a data line "ion" via a column-gate NMOS transistor 52. The 
transistors 51 and 52 are controlled by a column selection signal CSL. 

[169] A pre-charging PMOS transistor 82 is connected to the node N5 for charging Vdd to 
the node N5. The node N5 is further connected to the node N4 of the main 
reprogramming/retrieving circuit 10 via an NMOS transistor 30 (a transfer switching 
device). 

[170] Illustrated in FIG. 3 is the connection between the page buffer 140 and the data 
input/output buffer 50a. 

[171] Programming to and retrieving from the NAND-type flash EEPROM is performed for 
each 512 bytes for one page simultaneously selected by a row address. 
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[172] The number of bits allocated to one of the eight data input/output terminals I/O is 512, 
which is illustrated in FIG. 3. 

[173] When the cell array is divided into several arrays, as shown in FIG. 45B (two in this 
figure), a portion 140a having the first latch la in the page buffer 140 corresponds to a 
plurality of page buffers (two buffers 140al and 140a2 in FIG. 45B), and a portion 
140b corresponds to a plurality of caches (two caches 140M and 140b2 in FIG. 45B). 

[174] A programming operation requires 512 page buffers for simultaneously programming 
512-bit data, each data corresponding to a column address. Column addresses are 
decoded to be signals CSLO to CSL511 for selecting one of the 512 page buffers in 
data transfer between the data signal line "io" via NMOS transistor 51 (a column 
selection device), as shown in FIG. 2. 

[175] Basic operations of the page buffer 140 are illustrated in FIGS. 4 to 8. In these 
figures, some of the components in FIG.2 are simplified for easy understanding of the 
operations. 

[176] Programming data in the memory cell 100 (FIG. 1) starts with loading data to be 
programmed to the second latch 2a through the data lines io and ion. 

[177] A programming operation requires the data to be programmed in the first latch la, so 
that the data stored in the second latch 2a is transferred to the first latch la. 

[178] On the other hand, a retrieving operation requires a retrieved data in the second latch 
2a for outputting to the data input/output terminals I/O, so that the data stored in the 
first latch la is transferred to the second latch 2a. 
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[179] As shown in FIG. 4, the switching devices 42 and 30 (the transfer transistors 42 and 
30 in FIG. 2) are turned on for data transfer between the first and the second latches 
la and 2a. One of the latches la and 2a that has accepted data is deactivated before 
data transfer and then activated to store the data. 

[180] Illustrated in FIG. 5 is data transfer in which data is being programmed to and 
retrieved from the memory cell 100. 

[181] Except a multilevel operation, the main reprogramming/retrieving circuit 10 having 
the first latch la performs programming/retrieving operation control. In detail, the 
switching device 30 is tuned off while the switching devices 41 and 42 are turned on 
for data transfer between the first latch la and the bit line BL of the memory cell 100. 

[182] FIG. 6 illustrates that the switching devices 42 and 43 (the NMOS transistor 43 in 
FIG. 2) are only turned on during retrieval for a programming verification operation. 

[183] This is a verifying function for each bit in a programming operation. Programming 
of "1" in a cell in a "1 "-state (erased state) is prohibited no matter how many times the 
programming is performed in which a selected bit line is discharged in verification to 
retrieve data "1", which is a programming failure. Programming is passed by 
discharging the bit line BL and then turning on the switching devices 42 and 43 for 
re-charging a level "HIGH" to the first latch la. Here, "pass" means completion of a 
data programming while "failure" means incompleteness of a data programming. 

[184] FIG. 7 illustrates a state in a multilevel operation-mode programming operation. 

[185] The first and the second latches la and 2a may temporarily store a first bit-data to be 
programmed and a second-bit data to be programmed, respectively, for programming. 
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For retrieving the second-bit data from the memory cell 100, the switching device 42 
is turned off so that the first latch la stores the first-bit data, and then the switching 
devices 41 and 30 are turned on to retrieve data from the memory cell 100 to the 
second latch 2a. 

[186] The switching devices 41 and 30 are also turned on for pre-charging the bit line BL 
from the second latch 2a in retrieval for programming verification after application of 
programming pulses during programming. 

[187] FIG. 8 illustrates a state in a retrieval operation when the second multilevel row 
address (explained later) is selected in a multilevel operation mode. The switching 
devices 42 and 43 are turned so that the common signal line COM is grounded to a 
GND potential for forcibly updating data that has been retrieved through the bit line 
BL, thus data can be correctly retrieved with respect to the relationship between a 
threshold level Vt of the memory cell 100 and 2-bit data, as illustrated in FIG. 43B. 

[188] A multilevel logic operation in the first embodiment is disclosed in detail. 

[189] The first embodiment performs a multilevel logical operation under the relationship 
between a threshold level Vt of the memory cell 100 and 2-bit data, as illustrated in 
FIG. 43B. 

[190] The Vt-data relationship in FIG. 43B is different from that in FIG. 43A. The same 
fact in FIGS. 43A and 43B is that the upper-bit data and the lower-bit data correspond 
to different row addresses. In detail, only in a multilevel operation, two addresses 
are prepared for the same cell to be selected. 
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[191] Row addresses allocated to the upper and the lower bits are called the first row 
address for multilevel operation and a second row address for multilevel operation, 
respectively. 

[192] In FIG. 43 B, the first (upper) bit and the second (lower) bit are the data in selection of 
the first row address and the second row address for multilevel operation, 
respectively. For example, the data "10" is composed of the first (upper) bit "1" and 
the second (lower) bit "0". 

[193] Disclosed first is programming and retrieval for programming verification in selection 
of the second row address for multilevel operation. 

[194] FIG. 9A is a flow chart of a programming operation in selection of the second row 
address for multilevel operation. 

[195] Data to be programmed in selection of the second row address for multilevel 
operation is loaded into the second latch 2a (FIG. 2) through the data signal line io/ion 
(step Sll). Data corresponding to a column address is also loaded into the second 
latch 2a while 512-byte data for one page are being serially input. 

[196] On completion of one-page data loading, the data in the second latch 2a is transferred 
to the first latch la (step SI 2), as illustrated in FIG. 10A. 

[197] In FIG. 2, a potential BLCD at the gate of the NMOS switching transistor 42 and a 
potential BLCD2 at the gate of the NMOS switching transistor 30 are set at a level 
"HIGH" for carrying Vdd to transfer the data from the second latch 2a to the first 
latch la. In FIG. 10A, data "HIGH" is stored in the second latch after data loading, 
thus the node N5 being set at the level "HIGH" (Vdd). 
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[198] A programming operation starts after the data transfer described above (step S 13). 

[199] Illustrated in FIG. 1 1 is an example of timing in programming pulse application. 

[200] In FIG. 2, data to be programmed in the first latch la is transferred to a selected bit 
line via the NMOS transistors 42 and 41, and the bit line selection transistor 60. A 
voltage high enough for transferring VDD to the bit line BLe has been supplied to the 
gates of the transistors located between the first latch la and the bit line BLe. In this 
example, the bit line BLe, one of the two bit lines BLo and BLe that share the one 
page buffer 140, has been selected, which is the same for the following disclosure. 

[201] The level "HIGH" at the node Nl, one of the terminals of the first latch la, allows the 
level "HIGH" to be transferred to the bit line BLe so that a selected cell is brought 
into a programming-prohibited state in which data "1" has been programmed. On 
the other hand, the level "LOW" at the node Nl brings the selected cell into a state in 
which data "0" has been programmed. 

[202] In FIG. 1 1, the level "LOW" is transferred to the selected bit line BLe, as indicated by 
the solid line, to program the data "0" in "11 "-programmed cell, so that "10" is 
programmed in the cell. 

[203] The NAND-type flash EEPROM is at a negative threshold level Vt, such as, in 
"ll"-programmed state illustrated in FIG. 43B, in an erased state before 
programming. 

[204] In an erasure operation, as illustrated in FIG. 12 A, electrons are pulled out from a 
floating gate 511 of a memory cell at 0V for all the word lines 510 of a selected block 
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and a positive high erasure voltage (about 20V) for a p-well 513 of the memory cell, 
and in a state a source/drain 512 of the memory cell is floating. 

[205] In a programming pulse applying operation, as illustrated in FIG. 12B, selected word 
line 510 is set at a positive high programming voltage Vpgm (15 to 20V) while the 
p-well 513 is grounded to 0V so that electrons are injected into the floating gate 511. 

[206] Electrons are injected into the floating gate 51 1 while 0V is transferred from the first 
latch la to the bit line BLe due to the fact that a potential difference enough for 
programming occurs between the channel and the floating gate 511 of the memory 
cell. Such a potential difference occurs when 0V is transferred to the n-type 
diffusion layer 512 via the bit line, bit line-side selection transistors and also 
non-selected cells in the NAND cell unit. 

[207] On the other hand, electrons are not injected into the floating gate 511 while the level 
"HIGH" is transferred to from the first latch la to the selected bit line BLe due to a 
small potential difference between the channel and the floating gate 5 1 1 caused by a 
high channel potential of a selected memory cell. 

[208] An intermediate potential Vpass (about 8V) has been supplied to word lines of 
non-selected memory cells to raise channel potential for a state in which the 
non-selected cells cannot be programmed. The potential Vpass has been supplied to 
non-selected word lines of the NAND cell unit in which several word lines have been 
selected. 

[209] In FIG. 9A, retrieval for programming verification VERIFY 10 is executed after 
application of the programming pulses (step SI 4), the timing being shown in FIG. 13. 



The retrieval VERIFY 10 is executed at a potential VvlO (FIG. 43B) for selected 
word lines. A "pass" voltage Vread is supplied to non-selected word lines in the 
same NAND cell unit to allow non-selected cells to be "pass" transistors for judgment 
only as to whether the memory cells connected to selected word lines have been 
turned on or off. 

[210] During a bit line pre-charging period from a moment R4 to R7 (FIG. 13), in FIG. 2, 
the NMOS transistors 47 and 41, and the bit selection transistor 60 are turned on to 
pre-charge the bit line BLe. In detail, a voltage Vpre is supplied to the gate of the 
NMOS transistor 41 while a voltage (Vpre - Vt), lower than Vdd, is pre-charged to 
the bit line BLe (Vt: a threshold voltage). 

[211] At the moment R7 (FIG 13), a source-side selection transistor SG2 (FIG. 3) of a 
NAND cell unit NU is turned on to start discharging from the bit line BLe in 
accordance with a state of threshold level Vt of selected cells. 

[212] In detail, selected memory cells are turned on, when the threshold level Vt is lower 
than VvlO, to discharge the pre-charged potential (Vpre -Vt) from the bit line Ble. 

[213] On the other hand, the selected memory cells are not turned on, when the threshold 
level Vt is higher than VvlO, to clamp the pre-charged potential (Vpre -Vt) on the bit 
line BLe. 

[214] Data to be programmed is then stored at the node N3 before amplifying and sensing 

the potential on the bit line BLe. In detail, a voltage (Vdd + a ) is charged at the 

node N3 to a floating state by a moment SI, and then a potential DTG at the gate of 
the NMOS transistor 45 is set at Vdd at a moment S2. A capacitor 49 (FIG. 2) is 
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connected to the node N3 for suppressing noises generated due to decrease in 
potential caused by current leak or coupling between wiring while the node N3 is 
being brought into a floating state. 

[215] In FIG. 2, the level "HIGH", at the node Nl that has stored data to be programmed, 
turns off the NMOS transistor 45, so that the node N3 has been set at the level 
"HIGH" whereas the level "LOW" at the node Nl turns on the NMOS transistor 45, 
so that the node N3 is set at the level "LOW". 

[216] Then, the first latch la is deactivated for amplifying and sensing the potential on the 
bit line BLe. In detail, potentials LAT and SEN at the gates of NMOS transistors 14 
and 18, respectively, are set at "LOW" while potentials LATB and SENB (the reverse 
potential of LAT and SEN, respectively) at the gates of NMOS transistors 13 and 17, 
respectively, are set at "HIGH". 

[217] After the first latch la has been deactivated , the potential BLCD is set at the level 
"HIGH" to turn on the switching device 42 to bring the nodes Nl and N4 to the same 
potential, thus the NMOS transistor 47 is turned on to set these nodes at the level 
"HIGH". 

[218] At the moment S7, a potential BLCLAMP at the gate of the NMOS transistor 41 is set 
at a sensing potential Vsen. The NMOS transistor 41 turns on when the potential on 
the bit line BLe has been discharged from (Vpre - Vt) to (Vsen - Vt), so that the 
potentials at the nodes Nl and N4 are lowered from Vdd to the level almost equal to 
the potential on the bit line BLe. Electric charges stored at the node Nl and N4 are 
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instantaneously discharged due to the fact that the bit line capacity is extremely larger 
than the node capacity, 

[219] On the other hand, the NMOS transistor 41 does not turn on when the potential on the 
bit line BLe has not been discharged to (Vsen - Vt), so that the potentials at the nodes 
Nl and N4 are clamped at Vdd. 

[220] When the potential at the node Nl is lowered, it is lowered to the potential on the bit 
line BLe, not any further. Clamping the potential at the node Nl at Vdd is like 
amplification of the potential on the bit line BLe because Vdd is higher than the 
potential (Vpre - Vt) pre-charged on the bit line BLe. In FIG. 13, the solid line for 
BL (the potential on the bit line BLe) represents discharging which indicates the 
memory cell is not programmed enough or not programmed. 

[221] At a moment S9, the control signal REG is set at the level "HIGH" to turn on the 
switching transistor 43. 

[222] A level "LOW" at the node N3, or a "0"-programmed state in programming pulse 
applying operation, does not allow the NMOS transistor 44 to turn on, which causes 
no change in potential at the nodes Nl and N4, so that the potential on the bit line 
BLe has appeared at the node Nl until a moment S 1 1 . 

[223] The potential SEN at the gate of the NMOS transistor 18 and the potential SENB at 
the gate of the NMOS transistor 17 are set at the levels "HIGH" and "LOW", 
respectively, at the moment Sll to activate the clocked inverters in the first latch la 
for sensing the potential at the node Nl (functioning as the gate of the latch la). 



[224] At a moment S2, the potential LAT at the gate of the NMOS transistor 14 and the 
potential LATB at the gate of the NMOS transistor 13 are set at the levels "HIGH" 
and "LOW", respectively, to activate the first latch la for retrieving the potential at 
the node Nl as two-level data "LOW" or "HIGH". The data "LOW" at the node Nl 
is transferred again to a selected bit line in the succeeding programming pulse 
applying operation, thus the selected cell being programmed in a "0"-state. 

[225] When the pre-charged potential on the bit line Ble is clamped as indicated by a dashed 
line for BL in FIG. 13 with no flow of a cell current, data "HIGH" is stored in the first 
latch 1 a after sensing for completion of programming to the selected memory cell. 

[226] The data "HIGH" stored in the first latch la after retrieval for programming 
verification allows the level "HIGH" to be transferred to the selected bit line Be, thus 
the cell being programmed with "1 " for programming prohibition. 

[227] On the other hand, a level "HIGH" at the node N3, or data "1" being programmed in 
programming pulse applying operation, allows the common signal line COM to 
transfer the level "HIGH" to the nodes Nl and N4. The level "HIGH" is stored again 
at the node Nl at the moment SI 2, thus the level "HIGH" being stored at the node Nl 
in "1 "-programming state without respect to the result of programming verification, to 
keep "1 "-programmed state for programming prohibition. 

[228] FIGS. 32 and 33 indicate the potential change at the nodes and on the bit and word 
lines for the operations disclosed so far. 

[229] The node Nl (FIG. 2) is changed into the "1 "-programming state at the level "HIGH" 
in page buffers for which programming is completed. Detection of the state at the 
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node Nl or the node N2 (the reversed state) for all page buffers in one page allows the 
judgment as to whether one-page programming has been completed or not (step SI 5 
in FIG. 9 A). The process returns to steps SI 3 and S14 when the node Nl has been at 
the level "LOW" for at least any of the page buffers, to perform programming pulse 
applying operation and retrieval for programming verification. 

[230J As disclosed above, in the NAND-type flash EEPROM, page buffers connected to 
memory cells, for which programming has been completed according to retrieval for 
programming verification, are changed to the "T'-programmed state, thus threshold 
level-distribution being narrowly controlled even though the programming pulse 
applying operation is continuously performed until all memory cells for one page has 
been programmed. This programming control for each page buffer in one page is 
called per-bit verification. 

[231] The programming pulse applying operation is performed for attaining a higher 
programming speed in such a way that a programming voltage Vpgm is raised step by 
step for each programming pulse applying operation and retrieval for programming 
verification. This is shown in FIG. 14 in which the potential on a selected word line 
WL varies as indicated by the solid line. 

[232] Disclosed next is programming and retrieval for programming verification in selection 
of the first address for multilevel operation. 

[233] FIG. 9B is a flow chart of a programming operation for the upper bit (in selection of 
the first row address for multilevel operation). 
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[234] Data to be programmed in selection of the first row address for multilevel operation is 
loaded into the second latch 2a (FIG. 2) through an external data input/output terminal 
(step S21). The data in the latch 2a is transferred to the first latch la (step S22) in 
accordance with the timing shown in FIG. 10A. The steps S21 and S22 are 
illustrated in FIG. 15 A. 

[235] Next, as illustrated in FIG. 15B, the lower-bit data (in selection of the second row 
address for multilevel operation) is stored in the second latch 2a (step S23 in FIG. 
9B). This operation is called internal data loading and performed in accordance with 
the timing shown in FIG. 16. The node Nl (FIG. 2) is changed to the level "LOW" 
after the data is stored in the latch 2a, as indicated by the solid line in FIG. 16. 

[236] Retrieval is performed after a selected word line is set at VrlO (FIG. 43B) in which 
the same word line is selected for both the first and the second row addresses for 
multilevel operation. 

[237] For a bit line pre-charging period from a moment R4 to R7 (FIG. 16), the NMOS 
transistors 47 and 41 and also the bit line selection transistor 60 are turned on to 
pre-charge the bit line BLe. In detail, a potential Pre is supplied to the gate of the 
NMOS transistor 41 to pre-charge the potential (Vpre - Vt) to the bit line BLe. 

[238] At the moment R7, the source-side selection transistor SG2 (FIG. 3) in a NAND cell 
unit NU is turned on to start discharging the bit line BLe according to the state of 
cells. In FIG. 16, the solid line for BLe indicates discharging therefrom in the 
"11 "-stored cells. Only in this retrieval operation, retrieved data is stored in the 
second latch 2a. Before sensing the bit line potential, at the moment S4, signals 



CLAT and CSEN at the gates of NMOS transistors 24 and 28, respectively, have been 
set at the level "LOW" for deactivating the latch 2a. Signals CLATB and CSENB 
are the reversal of the signals CLAT and CSEN, respectively. 

[239] At a moment S5, a signal BLCD2 at the gate of the NMOS transistor 30 is set at the 
level "HIGH" to turn on the transistor 30 while the nodes N4 and N5 are pre-charged 
to Vdd via the NMOS transistor 47. 

[240] At the moment S7, the potential BLCLAMP at the gate of the NMOS transistor 41 is 
set at the sensing potential Vsen so that the bit line potential appear at the nodes N4 
and N5 in accordance with the clamping operation already disclosed with reference to 
FIG. 13 (the moment S7). 

[241] At a moment S 1 1 , the signals CSEN and CSENB at the gates of NMOS transistors 28 
and 27, respectively, are set at the levels "HIGH" and "LOW", respectively, to 
activate the clocked inverters in the second latch 2a for which the node N5 functions 
as the input gate. The potential at the node N5 is sensed by the clocked inverters. 

[242] At a moment SI 2, the signals CLAT and CLATB at the gates of NMOS transistors 24 
and 23, respectively, are set at the levels "HIGH" and "LOW", respectively, to 
activate the second latch 2a for data retrieval (step S23 in FIG. 9B). The potential 
BLCD at the gate of the NMOS transistor 42 has been at the level "LOW" during this 
operation so that the transistor 42 has been turned off, thus externally input data to be 
programmed is stored in the first latch la, 

[243] As disclosed, data to be programmed for the first row address for multilevel operation 
is stored in the first latch la and the data to be programmed for the second row 
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address for multilevel operation is retrieved from the memory cell and stored in the 
second latch 2a, and then the programming pulse applying operation starts (step S24 
in FIG. 9B). 

[244] The programming pulse applying operation is performed in accordance with the 
timing shown in FIG. 1 1 , like the operation described already for the selection of the 
second address for multilevel operation, with the transfer of data to be stored in the 
first latch la to a selected bit line. 

[245] In programming for the selection of the first row address for multilevel operation, the 
threshold level (Vt) distribution is varied, as shown in FIG. 43B. 

[246] In detail, a "11" -programmed cell is programmed with "01" and a "10"-programmed 
cell is programmed with "00" when the level "LOW" has been clamped at the node 
Nl connected to the first latch la. On the other hand, when the level "HIGH" has 
been clamped at the node Nl, which indicates "1 "-programming for programming 
prohibition, the "11"- and "10"-programmed cells continuously store "11" and "10", 
respectively. 

[247] There are four states for the memory cells as disclosed above, the corresponding 
operations are indicated in FIGS. 34 to 37. 

[248] Programming from "11" to "01" and "10" to "00" are simultaneously performed with 
applying the same programming voltage to selected word lines. This operation 
requires VERIFY00 (step S25 in FIG. 9B) for retrieval for "00"-programming 
verification and also VERIFY01 (step S26 in FIG. 9B) for retrieval for 
"01 "-programming verification, after one programming pulse applying operation. 



[249] For these operations, programming should not be completed in "O0"-programming 
verification for the memory cells that are being programmed with "01". This is 
because the retrieval for "00"-programming verification (VERIFY00) is performed 
with supplying VvOO (FIG. 43B) to selected word lines whereas, for the memory cells 
that are being programmed with "01", a threshold level raises at the level of "00" does 
not allow discharging the potential on the bit line in VERIFY00, thus it seems that 
programming is completed for the memory cells that are still being programmed with 
"01". 

[250] In order to overcome such a problem, the first embodiment performs retrieval control 
for programming verification based on data corresponding to the second row address 
for multilevel operation stored in the second latch 2a (FIG. 2). 

[251] FIG. 17 shows an example of the timing for VERIFY00 (step S25 in FIG. 9B) for 
retrieval for "00" -programming verification. 

[252] In a pre-charging period from a moment R4 to R7, the NMOS transistors 30 and 41, 
and the bit selection transistor 60 are turned on to pre-charge the bit line BLe from the 
node 5 of the second latch 2a. 

[253] During the programming of "01" in the "11 "-stored cells, the node 5 of the second 
latch 2a has been set as the level "LOW" after internal loading for loading data 
corresponding to the second row address for multilevel operation. This is because 
the internal loading requires the voltage VrlO (FIG. 43 B) on the selected word lines, 
so that the "11 "-stored memory cells are turned on to discharge pre-charged voltage 
on the bit line for retrieving "LOW" after sensing. 



[254] This results in "LOW"-pre-charging in the page buffers for which "01 "-programming 
has been proceeding. Pre-charging which will be failed is initially performed for the 
memory cells to be programmed with "01" because these cells require failure for 
retrieval for programming verification in VERIFY00 (FIG. 9B). 

[255] On the other hand, in page buffers for which "00"-programming is to be performed to 
the "10"-stored memory cells, the node N5 of the second latch 2a has been set at the 
level "HIGH", thus performing bit line pre-charging like other retrieval. The latch 
2a is included in each page buffer in a page as a unit of programming. Thus, regular 
pre-charging is performed to selected bit lines for page buffers that have conducting 
"00"-programming whereas pre-charging which will be failed is performed for page 
buffers that have conducting "01 "-programming (selective pre-charging). 

[256] Setting 0V on the bit line before VERIFY00 (FIG. 9B) serves to consume a small 
current because no unnecessarily pre-charging current will not flow for a period of the 
selective pre-charging described above from the second latch 2a after starting 
VERIFY00. 

[257] In FIG. 1 7, for the node N5 and the bit line BLe (indicated as BL in the figure), a 
wave form indicated by the solid line represents "00"-programming while the dashed 
line (at the GND level) represents "01 "-programming. 

[258] After the moment R7 (FIG. 1 7), the process the same as the retrieval for programming 
verification described above is performed. In the page buffers for performing 
"00"-programming, the bit line BLe is pre-charged for the period up to the moment 
R7 as indicated by the solid line for BL. Depending on the selected cells that have 



been turned on or off, the bit line BLe is discharged or not. Then, after the moment 
R7, the sensing potential Vsen supplied at the gate of the NMOS transistor 41 (FIG. 
2) amplifies and senses the potential on the bit line BLe, thus the result of 
programming is stored in the first latch la. 

[259] In "1" -programming for clamping "10"-state in which the level "HIGH" has been 
stored in the second latch 2a, the level "HIGH" has been clamped at the node Nl, thus 
the node Nl is charged to the level "HIGH" at a moment R9 by the per-bit verification 
described above with the data clamped at the node N3 for clamping the 
"1 "-programmed state. 

[260] Disclosed next is retrieval VERIFY01 (step S26 in FIG. 9B) for "01 "-programming 
verification with reference to FIG. 18 that shows an example of the timing for 
VERIFY01. 

[261] The difference between VERIFY00 and VERIFY01 is that, in the latter, a selected 
word line is set at VvOl (FIG. 43 B) for retrieval for programming verification. 

[262] For page buffers performing "01 "-programming from "11", a bit line potential is 
sensed at the selected word line potential VvOl, while for "1 "-programming for 
clamping the "11 "-state, the node Nl is re-charged to clamp the "1 "-programmed 
state. 

[263] On the other hand, for page buffers performing "00 "-programming from "10", 
programming will always be failed for the memory cells for which programming has 
been failed in VERIFY00. This is because a threshold level Vt for the memory cells 
for which programming will be failed in VERIFY00 is lower than VvOO, which 



results in that failure will often occur for retrieval at VvOl on the selected word line in 
VERIFY01. 

[264] For page buffers for programming "1" for clamping the "O0"-programmed state, the 
per-bit verification described above is performed for clamping the "l"-programmed 
state without failure. 

[265] As disclosed above, retrieval for programming verification in VERIFYOO and 
VERIFY01 is realized. A programming cycle having the programming pulse 
applying operation and the retrieval for programming verification is repeated until 
programming is completed for all page buffers in a page (step S27 in FIG. 9B) to 
execute programming in selection of the first row address for multilevel operation. 

[266] Disclosed next with reference to FIGS. 19A and 19B is a retrieval operation. 

[267] Retrieval depends on row addresses because, as illustrated in FIG. 43B, 2-bit data in 
multilevel operation is allocated in such a way that the upper and the lower bits are 
used as data in selection of the first and the second row addresses, respectively, in 
multilevel operation. 

[268] In retrieval of the upper bit at which the first row address for multilevel operation has 
been stored, a retrieval operation READOO (step S41 shown in FIG. 19B) is 
performed only once at the potential VrOO (FIG. 43B) on the selected word line, to 
retrieve 2-bit data of "0" or " 1 ". 

[269] On the other hand, in retrieval of the lower bit at which the second row address for 
multilevel operation has been stored, two retrieval operations READOO and also 



READ 10 (steps S31 and S32 shown in FIG. 19 A) are performed at the potentials 
VrOl and VrlO (FIG. 43 B), respectively, on the selected word line. 

[270] Disclosed first is the retrieval operation READ00 in selection of the first row address 
for multilevel operation with respect to an example of the timing of READ00 in FIG. 
20. 

[271] For a pre-charging period up to a moment R7, in FIG. 2, the NMOS transistors 47 and 
41, and the bit line selection transistor 60 are turned on. The potential Pre is 
supplied to the gate of the NMOS transistor 41 to pre-charge (Vpre - Vt) on the bit 
line BLe. The source-side transistor SG2 (FIG. 3) in a NAND cell unit NU is turned 
on at the moment R7 to start discharging from the selected bit line. 

[272] At a moment S4, the potentials LAT and SEN at the gates of the NMOS transistors 14 
and 1 8, respectively, are set at the level "LOW" to turn on the NMOS transistor 42 for 
setting the nodes Nl and N4 at the same potential and also turn on the NMOS 
transistor 47 to be charged at Vdd. 

[273] At the moment S7, the potential CLAMP at the gate of the NMOS transistor 41 is set 
at Vsen to clamp the bit line potential for retrieval, thus a small bit line potential 
(Vpre - Vse) of about 0.4V being amplified and retrieved at the node Nl . 

[274] At moments SI 1 and 512, the potentials LAT and SEN are set at the level "HIGH" in 
this order to successively activate the clocked inverters of the first latch 1 a to retrieve 
the data at the node Nl . 

[275] After the data has been stored in the latch la, data for one page that have already been 
stored in the latch la are simultaneously transferred to the second latch 2a (step S42 
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in FIG. 19B). For pages each having 512 bytes, data are simultaneously transferred 
from the latch la to the second latch 2a in each 512-byte page buffer in accordance 
with the timing shown in FIG. 10B. 

[276] Each second latch 2a is connected to the data input/output buffer 50a via the column 
selection transistors 51 and 52 through the data lines io/ion, as shown in FIG. 3. A 
"HIGH" level-column decode signal CSL allows data to be retrieved out from the 
latch 2a via the data input/output buffer 50a through the data lines io/ion. 

[277] In the cell array divided into two arrays as shown in FIG. 45B, simultaneous retrieval 
described above in selection of one page of the two arrays with one row address 
allows simultaneous data transfer in 2-page page buffer under the control of the data 
input/output buffer 50a such that 1-page data of the cell 100a is output by the second 
latch 2a after data transfer, and then 1-page data of the cell 100b is output. 

[278] As disclosed, data in selection of the first row address for multilevel operation can be 
output with one retrieval and data transfer operation. 

[279] Disclosed next is a retrieval operation in selection of the second row address for 
multilevel operation. 

[280] This retrieval operation is performed twice as RE ADO 1 and READ 10 in steps S31 
and 32, as shown in FIG. 19A. 

[281] FIG. 21 is an example of the timing for READ01. The difference between READ00 
(FIG. 19B) and RE ADO 1 is only that the latter has a selected word line potential VrOl 
(FIG. 43B), thus the detailed description of READ01 being omitted. 



[282] After READ01, a retrieved data is stored in the first latch la (FIG. 2), followed by 
READ10, an example of the timing for READ 10 being shown in FIG. 22. 

[283] Retrieval is performed at the selected word line potential VrlO (FIG. 43B). The 
retrieval operation in READ 10 is almost the same as RE ADO 1 from bit line 
pre-charging to the moment S9, the differences between READ 10 and READ00 (and 
READ01) being that, in the former, a potential COMRST at the gate of an NMOS 
transistor 91 and a potential at a node COM (the common signal line COM) are set at 
the levels "HIGH" and "LOW", respectively. 

[284] In READ 10 following READ01, the data retrieved in READ01 has been stored in the 
first latch la until the moment S4. 

[285] The potential at the node N3 is not related to the retrieval operation in READ00 and 
READ01, however, related in READ 10. In detail, the node N3 is charged to (Vdd + 

a ) to be floating by a moment S2. A Vdd-level DTG at the gate of the NMOS 

transistor 45 at the moment S2 allows the node N3 to clamp (Vdd + a ) when the 

node Nl connected to the first latch la is clamped at the level "HIGH" whereas the 
node N3 is discharged to 0V when the node Nl is at the level "LOW". 

[286] At a moment S7, the bit line potential is amplified and then, at a moment S9, the 
control signal REG is set at the level "HIGH" to turn on the NMOS transistor 44 
because the node N3 has been at the level "HIGH" when the node Nl has been 
clamped at the level "HIGH" in READ01 (FIG. 19A). This results in discharging 
from the nodes Nl and N4 to the node COM, and then, at a moment SI 2, the node Nl 



is clamped at the level "LOW". In other words, the level "LOW" as data "1" is 
stored at the node Nl when the memory cell is in the "01 "-state shown in FIG 43B. 

[287] When the level "LOW" is stored at the node Nl in READ01, the NMOS transistor 44 
is not turned on at the moment S9, thus no discharging from the nodes Nl and N4, 
and the potential at the node Nl that is the amplified bit line potential being sensed 
and stored at moments SI 1 and SI 2. 

[288] On completion of READ01 and READ 10, the data retrieved for the second row 
address for multilevel operation and stored in the first latch la is transferred to the 
second latch 2a (step S33 in FIG. 19A) in accordance with the timing shown in FIG. 
10B, the process (FIG. 19A) being completed in which the latch 2a being ready for 
data output. 

[289] The potential change in the retrieval operation disclosed above is shown in FIGS. 38 
to 41. FIG. 38 shows the first (upper) bit retrieval while FIGS. 39 to 41 show the 
second (lower) bit retrieval. Particularly, FIGS. 40 and 41 shown the second 
time-lower bit retrieval when the potential at the node Nl has been "HIGH" and 
"LOW", respectively, as the result of the first time-lower bit retrieval. 

[290] Disclosed next is usage of the second latch 2a (FIG. 2) as a cache memory for 
enhancing effective programming speed. 

[291] The relationship between data and distribution of threshold level Vt for 1-bit memory 
cell in two-level operation mode is illustrated in FIG. 23. 



[292] Retrieval with the second latch 2a as a cache memory is performed like READOO 
(FIG. FIG. 19B) already described except that a selected word line is set at VrO in 
FIG. 23 because this retrieval operation is performed only once. 

[293] FIGS. 24 A and 24B illustrate examples of timing for retrieval with the second latch 
2a as a cache memory. 

[294] In detail, FIG. 24A illustrates retrieval using one memory cell array. On reception of 
a retrieval command "00H" and entry of the first row address, READY//BUSY 
(abbreviated to R/BB hereinafter) is set at the level "LOW", or a busy-state is output 
to perform PAGE RETRIEVAL 1 (the same as READOO in FIG. 19B). 

[295] On completion of PAGE RETRIEVAL 1, 512-byte data that correspond to the 
retrieved first row address and have been stored in the first latch la (FIG. 2) of each 
page buffer are transferred to the second latch 2a the same as in step S3 3 in FIG. 19 A. 

[296] Then, R/BB is set at the level "HIGH" (a ready state) to allow SERIAL DATA 
OUTPUT 1 with a retrieval enable signal READ-ENABLE. In detail, the data 
corresponding to the first row address is output from the second latch 2a to the data 
input/output terminal I/O (FIG. 3) in synchronism with the signal READ-ENABLE 
while the second row address is being selected for execution of PAGE RETRIEVAL 
2 with R/BB set at the level "LOW" (a bust state BUSY). 

[297] Completion of SERIAL DATA OUTPUT 1 is detected to set R/BB at the level 
"LOW" (BUSY) for performing data transfer from the first latch la to the second 
latch 2a. In other words, the data stored in the latch la (the result of PAGE 
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RETRIEVAL 2) cannot be transferred to the latch 2a until SERIAL DATA OUTPUT 
1 from the latch 2a is completed. 

[298] On completion of the data transfer, R/BB is set again at the level "HIGH" (a ready 
state) to start SERIAL DATA OUTPUT 2 while the third row address is being 
selected to execute PAGE RETRIEVAL 3. 

[299] The retrieval operation as disclosed above serves to shorten a period "tdb" between 
SERIAL DATA OUTPUTS 1 and 2 for the second row address retrieval during data 
output corresponding to the first row address. 

[300] When one page capacity is 512 bytes, a page-retrieval time is 10|J s and a serial data 

output cycle is 50ns, an effective retrieval time is generally 14 Mbytes/s, however, in 
this embodiment, the maximum effective retrieval time reaches 19 Mbytes/s at tdb = 1 

M s. 

[301] Here, R/BB is a READY//BUSY signal for a user to determine whether data 
input/output is enable or not whereas INTERNAL R/BB shown in FIG. 24A is a flag 
signal for the controller 1 10 (FIG. 1) to judge the control sequence, the same as in the 
following disclosure. 

[302] FIG. 24B illustrates simultaneous retrieval from a 2-array memory cell. 

[303] After entry of retrieval command "00H" and address, PAGE RETRIEVAL 1 is 
performed for the input first row address to the cell array 100a (FIG. 45B) and also 
PAGE RETRIEVAL 2 for the same input first row address to the cell array 100b 
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(FIG. 45B). In other words, two pages are selected for the first row address, which 
seems to be double page capacity when looked from outside the EEPROM chip. 

[304] Like shown in FIG. 24A, R/BB has been set at the level "LOW" (BUSY) until each 
retrieval and data transfer is completed. 

[305] For data output, DATA OUPUT 1 from the cell array 100a and DATA OUPUT 2 
from the cell array 100b are performed in this order. On data output, the second row 
address is selected to execute PAGE RETRIEVALS 3 and 4 from the cell arrays 100a 
and 100b, respectively. 

[306] The maximum effective retrieval speed reaches 20 Mbytes at tdb = l\} s in this 
retrieval operation whereas 1 7 Mbytes in general. 

[307] Disclosed next with reference to FIGS. 25A to 25C are programming operations with 
the second latch 2a as a cache memory for simultaneous programming to the cell 
arrays 100a and 100b. 

[308] After entry of data input command 80H and address, data to be programmed "Data 1 " 
corresponding to the first row address is input (Load 1) to the cell array 100a. And 
then, after entry of data input command 80H and address, data to be programmed 
"Data 2" corresponding to the second row address is input (Load 2) to the cell array 
100b. 

[309] A programming command "lOHd" is a dummy command under which no 
programming operation is performed for simultaneous programming to two cell 
arrays. 



[310] For enabling sequential data loading "load 3" and "Load 4", R/BB is set at the level 
"LOW" (a busy signal) and instantaneously set at the level "HIGH" (a quasi-ready 
signal). 

[311] After entry of the initial data input command "80H", the second latches 2a used as a 
cache memory in all page buffers are reset (C, Rst in FIGS. 25A to 25C) by switching 
the PMOS transistor 82 (FIG. 2). 

[312] A programming execution command "lOHc" (FIG. 25A) following "Load 2" starts 
simultaneous programming to two cell arrays. Data is transferred from the second 
latch 2a to the first latch la in each page buffer, followed by the programming pulse 
applying operation and the retrieval for programming verification as already 
described. 

[313] The data transfer is executed in accordance with the timing shown in FIG. 10A. The 
programming pulse applying operation is executed in accordance with the timing 
shown in FIG. 11. Moreover, the retrieval for programming verification is executed 
in accordance with the timing like VERIFY 1 shown in FIG. 13 at the selected word 
line voltage VvO. 

[314] The internal R/BB is set at the level "LOW" (a busy state) while the programming is 
being executed. After data transfer, R/BB is set at the level "HIGH" (a quasi-ready 
state) to allow data loading to the second latch 2a because all latches 2a are free from 
the programming pulse applying operation after data loading as already discussed. 

[315] After data loading "Load 4", the programming execution command "lOHc" is entered 
again. When simultaneous programming of data "Data 1 " and "Data2" has not been 



completed, data "Data 3" and "Data 4" stored in the second latch 2a cannot be 
transferred to the first latch la. Such data transfer is performed after the 
programming of the data "Data 1" and "Data 2" is completed and the internal R/BB is 
set at the level "HIGH" (a ready state). Then, programming of the data "Data 3 and 
"Data 4" is executed and R/BB is set at the level "HIGH" (a ready state), to enable the 
succeeding data loading to the latch 2a. 

[316] Like the retrieval operation, also in this programming operation, selection can be 
performed one page by one page on two or more arrays to one row address, as 
illustrated in FIG. 25B using the second latch 2a as a cache memory. 

[317] Following the data loading "Load 1" for the cell array 100a (FIG. 45B), the data 
loading "Load 2" for the cell array 100b is executed with the programming execution 
command "lOHc" under which programming of the data "Data 1" and "Data 2" starts 
while enabling the succeeding data loading. 

[318] FIG. 25C illustrates the timing of the programming operation using the second latch 
2a as a cache memory for 1 -array cell memory. The programming execution 
command "lOHc" enables both data programming operation and data loading. 

[319] The same for the timing shown in FIGS. 25 A to 25C is that the transfer of data loaded 
into the cache memory (the second latch 2a) to the first latch la is allowed after the 
internal R/BB is set in a ready state. 

[320] The following are effective programming speeds achieved in this embodiment using 
the second latch 2a as a cache memory under the requirement that a serial data input 
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cycle and a 1-page programming-completion time are 50ns and 200p s, respectively, 
at 512 bytes per page. 

[321] In 2-array memory cell simultaneous programming, compared to 4. 1 Mbytes with no 
cache memory, the embodiment using a cache memory achieves 5. 1 -Mbyte effective 
programming speed because a 2-page data loading time is masked behind the 
programming time. 

[322] Moreover, in 4-array memory cell simultaneous programming, compared to 6. 8 
Mbytes with no cache memory, the embodiment using a cache memory achieves 
10-Mbytes. 

[323] Accordingly, the present invention achieves a very high effective programming speed 
by using a cache memory for both 2- and 4-array memory cell simultaneous 
programming. 

[324] As disclosed, the page buffer 140 shown in FIG. 2 offers a multilevel operation, 
moreover, in two-level operation, offers a caching function for higher effective 
programming and retrieval speed. 

[325] Moreover, the page buffer 140 functions like the one for two-level operation when the 
second latch 2a and the NMOS transistor 30 are omitted. A PMOS transistor 90 and 
the NMOS transistor 91, both connected to the node COM, can be shared by a 
plurality of page buffers, for example, one for each per 8 page buffers the same 
number of I/Os. 



[326] Therefore, the page buffer 140 offers both the multilevel operation (function) and 
caching function in a simple way as disclosed above. Both functions are switched 
with changing programming and retrieval control performed by the controller 110 
(FIG. 1). Thus, the present invention achieves switching the multilevel operation 
and the caching function in two-level function by changing control and address space 
under command entry. 

[327] (Second Preferred Embodiment) 

[328] The first embodiment with 2-array memory cell in caching operation has several 
advantages as discussed above. 

[329] The second latch 2a (FIG. 2) functioning as a cache memory is reset at entry of an 
address before 2-page data loading, for example, at entry of an address before "Load 
1" and "Load 3" in FIG. 25 A. The latch 2a must be reset before data loading, 
however, the resetting after execution of a data load command during programming 
after data transfer could be performed at any timing during programming due to 
unstable data load command timing. This further could cause affection of noise 
from power supply to the resetting operation to the second latch 2a while sensing the 
retrieval for programming verification. 

[330] To overcome such a problem, the second embodiment performs resetting of the 
second latch 2a just after data transfer from the latch 2a to the first latch la, as shown 
in FIG. 26, or performs the resetting always before programming operation. 
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[331] The resetting of the second latch 2a is required before the initial data loading. 
However, resetting at unstable timing to the latch 2a during programming can be 
eliminated with no resetting at entry of "80H" and address during programming. 

[332] FIG. 27 illustrates a programming operation using a cache memory for eliminating 
such resetting at unstable timing, which is applicable to the operations FIG. 25A to 

25C. 

[333] In detail, 2-page simultaneous programming starts after 2-page data loading "Load 1" 
and "Load 2", and then, on completion of data transfer from the second latch 2a to the 
first latch la and latch (2a)-resetting (C. Rst), R/BB is set to a quasi-ready state 
"HIGH". 

[334] This sequence allows resetting the latch 2a only before programming no matter how 
the timing tl varies for succeeding data load command entry during programming of 
the data "Data 1 " and "Data 2" or the following timing t2, thus suppressing noise from 
the power supply in programming using a cache memory. 

[335] (Third Preferred Embodiment) 

[336] Disclosed in the first embodiment is switching between the multilevel operation for 
storing 2-bit data to one non-volatile memory cell and the caching operation in 
two-level operation using the page buffer 140 (FIG. 2). 

[337] A caching operation using the second latch 2a is also possible in multilevel operation 
while the latch 2a is free, for example, during a retrieval operation. As shown in 
FIG. 28A, data output from the latch 2a is allowed while the main page buffer having 
the first latch la is being connected to a selected bit line for retrieval. 
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[338] The second latch 2a is also free from programming in selection of the second row 
address for multilevel operation. The succeeding data to be programmed thus can be 
loaded into the latch 2a during programming, as shown in FIG. 28B. 

[339] The caching function is, however, prohibited in programming in selection of the first 
row address for multilevel operation because the programming is executed while the 
data in selection of the second row address for multilevel operation has been stored in 
the second latch 2a by the internal data loading already described. 

[340] FIG. 29 illustrates a programming operation in a multilevel operation mode using a 
cache memory. In the drawing, "Lower Data" and "Upper Data" represents data to 
be programmed for the second row address and the first row address, respectively, for 
multilevel operation. 

[341] In FIG. 29, "Lower Data 1" and "Lower Data 2" for the second address for multilevel 
operation are successively input at data loading "Load 1" and "Load 2", respectively. 
On entry of the first programming execution command "lOHc", data is transferred 
from the second latch 2a to the first latch la simultaneously for two memory cell 
arrays and programming is executed for the second row address for multilevel 
operation during the succeeding data loading ""Load 3" and "Load 4" for entry of data 
"Upper Data 1" and "Upper Data 2" to be programmed, respectively, for the first row 
address for multilevel operation. 

[342] On completion of the programming for the second row address for multilevel 
operation, the data to be programmed for the first row address for multilevel operation 
is transferred from the second latch 2a to the first latch la to start programming. 



[343] Although not indicated in FIG. 29 for the programming for the first row address for 
multilevel operation, the data corresponding to the second row address for multilevel 
operation has been retrieved from a selected memory cell and stored in the second 
latch 2a by the internal data loading already described. 

[344] This prohibits the succeeding data loading until completion of upper-bit programming 
in selection of the first row address for multilevel operation. Although, whether the 
sequential programming is allowed or not depends on row address for programming, a 
data loading time can be shortened by half with the caching operation. 

[345] The third embodiment thus also achieves high effective programming speed although 
programming in the multilevel mode takes long compared to usual two-level mode for 
storing 1-bit data to one non- volatile memory cell. 

[346] (Fourth Preferred Embodiment) 

[347] Elements in this embodiment that are the same as or analogous to elements in the first 
embodiment are referenced by the same reference numbers and will not be explained 
in detail. 

[348] In a page buffer 140a shown in FIG. 30, the switching NMOS transistor 31 is 
provided between the nodes Nl and N5 for the first latch la and the second latch 2a, 
respectively. 

[349] This circuit arrangement achieves the caching function discussed above although 
without multilevel function. Data transfer between the latches la and 2a is allowed 
under control of the NMOS transistor 31 for transferring the level "HIGH" or "LOW". 



[350] (Fifth Preferred Embodiment) 

[351] NAND-type flash EEPROMs repeat the programming pulse applying operation and 
the retrieval operation for programming verification until programming of all 
512-byte memory cells in one page is completed. 

[352] FIG. 14 illustrates a voltage waveform applied to a selected word line in step-up 
pulse-programming in which a programming voltage Vpgm is increased step by step 
during the repetition of programming pulse applying and retrieval for programming 
verification cycle. 

[353] The step-up pulse-programming is automatically executed by a controller, however, 
the control can be interrupted for measurement of cell current with the page buffer 
140 shown in FIG. 2. 

[354] As disclosed, a two-level programming verification operation is controlled by the 
main reprogramming/retrieval circuit 10 and the retrieved data after verification is 
stored in the first latch la. Therefore, on completion of one cycle of programming 
pulse applying operation and retrieval operation for programming verification, a usual 
programming control for executing the succeeding programming pulse applying 
operation is prohibited in accordance with the result of verification, for measurement 
of cell current, with securing the data stored in the latch 1 a under programming. 

[355] The cell current measurement is performed in a way that, in FIG. 2, the potential 
BLCD is set at the level "LOW" to turn off the switching NMOS 42 to clamp data in 
the first latch la while the potentials CLAT and CSEN are set at the level "LOW" and 
the potentials CLATB and CSENB are set at the level "HIGH" simultaneously, to 



deactivate the second latch 2a to turn on the bit line selection transistor 60, the 
transfer transistors 41 and 30, and also the column gate transistor 51 located between 
a selected bit line and the data line "io", to turn on from the line "io" to the data 
input/output terminals I/O. 

[356] Measurement of cell current is illustrated in FIGS. 3 1 A and 3 IB. FIG. 3 1 A teaches 
a known test mode with a mode for programming voltage setting or programming or 
cell current measurement mode whereas FIG. 3 IB shows the test mode according to 
the present invention. 

[357] The known mode requires complex control in which a verify result is retrieved from a 
latch, and, after completion of cell current sensing, the verify result is retrieved again 
for the succeeding programming, for judgment of cell current/verify result 
relationship, otherwise, the cell current measurement mode will damage the verify 
result stored in a latch. 

[358] Moreover, as indicated in FIG. 31 A, the rising characteristics of a voltage booster 
affects that of a selected word line voltage and also its waveform. 

[359] Contrary to this, in the present invention shown in FIG. 3 IB, a programming cycle is 
interrupted once for cell current measurement while a verify result in programming is 
being stored. On completion of the cell current measurement, the succeeding 
programming cycle starts. 

[360] (Sixth preferred Embodiment) 
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[361] Elements in this embodiment that are the same as or analogous to elements in the first 
embodiment are referenced by the same reference numbers and will not be explained 
in detail. 

[362] FIG. 46 is a circuit diagram of a page buffer 140b for multilevel operation and 
caching function. 

[363] Different from the page buffer 140 shown in FIG. 2, the page buffer 140b performs 
data transfer between the first and the second latch la and 2a with switching of 
NMOS transistors 203 and 204 series-connected between the nodes N2 and N6 of the 
latches la and 2a, respectively. 

[364] The page buffer 140b has a clamp NMOS transistor 41b provided between a selected 
bit line and a sense node N4b. The node N4b is connected to the gate of an NMOS 
transistor 201 for sensing, not directly connected to the node Nl (FIG. 2). The 
source of the NMOS transistor 201 is grounded and its drain is connected to the nodes 
Nl and N2 via the NMOS transistors 202 and 203, respectively. 

[365] The data retrieved at the sense node N4b via the clamp NMOS transistor 41b turns on 
or off the NMOS transistor 201. The switched state of the NMOS transistor 201 is 
transferred to the node Nl or N2 via the NMOS transistor 202 or 203, respectively, 
selectively activated by a signal BLSEN0 or BLSEN1, which allows the sensed data 
to be stored in the first latch la. 

[366] Data transfer between the latches la and 2a are performed between the nodes N2 and 
N6 via the NMOS transistors 203 and 204 activated by signals BLSEN1 and 
BLSEN1, respectively. 
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[367] The page buffer 140b is also provided with an NMOS transistor 42b for transferring a 
potential at the node Nl to a selected word line. 

[368] The node N5 of the second latch 2a is connected to the sense node N4b via an NMOS 
transistor 30b that will be turned on for pre-charging a selected bit line in accordance 
with data stored in the latch 2a in a multilevel mode. 

[369] Also connected to the sense node N4b is a capacitor 48 having a control terminal 
CAPG, for controlling the potential at the node N4b with capacitance-coupling. 

[370] Disclosed next is a multilevel operation using the page buffer 140b under the 
relationship between data and threshold level in memory cell for multilevel operation, 
as shown in FIG. 43 B. 

[371] The programming of the first (upper) and the second (lower) bits are performed in 
accordance with the flow chart shown in FIGS. 9 A and 9B. 

[372] On the other hand, a retrieval operation for the second bit shown in FIG. 47A is 
different from FIG. 19 A. In detail, the difference is that "Read 10" for applying 
VrlO to a selected bit line is executed (step S3T) before "Read 01" for applying VrOl 
to a selected bit line is executed (step S32'). 

[373] The programming operation and the retrieval operation for programming verification 
are disclosed with reference to FIG. 9 A and 9B. 

[374] For the lower (second) bit, data to be programmed is loaded into the second latch 2a 
from the data input/output terminal I/O through the data signal lines "io" and "ion" 
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(step SI 1). The data is then transferred from the second latch 2a to the first latch la 
(step SI 2), like the foregoing embodiment. 

[375] The control signals SEN and LAT (FIG. 46) of the first latch la are set at the level 
"HIGH" while the signals SENB and LATB at the level "LOW", to deactivate the 
clocked converters CI1 and CI2. 

[376] The control signals BLSEN1 and BLSEN2 are set at the level "HIGH" to turn on the 
NMOS transistors 203 and 204. The potential at the node N6 of the second latch 2a 
is transferred to the node N2 of the first latch la via the NMOS transistors 203 and 
204. The clocked converters CI1 and CI2 are activated in this order to store the 
transferred data. 

[377] Likewise, data transfer from the first latch la to the second latch 2a is performed after 
the latch 2a is deactivated. 

[378] After the data transfer, the programming pulse applying operation is performed (step 
SI 3 in FIG. 9A) in which the NMOS transistor 42b (FIG. 46) is turned on to transfer 
the data at the node Nl of the first latch la to a selected bit line. The control signal 
BLCD to be applied to the gate of the NMOS transistor 42b is preferably set at a 
potential boosted from Vdd for transferring the level "LOW" (0V) or "HIGH" (Vdd) 
at the node Nl with no decrease in level. 

[379] After programming, a voltage VvlO (FIG. 43B) is supplied to the selected bit line to 
perform Verify 10 (step SI 4) retrieval for programming verification. FIG. 48 shows 
potential change when the data "LOW" has been clamped at the node Nl of the first 
latch la. 



[380] The NMOS transistor 47b for pre-charging is turned on and then the clamp NMOS 
transistor 41b is turned on to pre-charge the selected bit line for retrieval for 
programming verification. 

[381] Bit line-data sensing is performed with the NMOS transistor 41b like the foregoing 
embodiment. 

[382] The resetting operation shown in FIG. 48 is required for usual retrieval operation, to 
reset the latch before loading a sensed data to the latch whereas it is not required for 
retrieval for programming verification. 

[383] An amplified and retrieved data potential appeared at the node N4b is stored in the 
first latch la as a two-level data via the NMOS transistor 203 that is turned on by the 
control signal BLSEN1 set at the level "HIGH". In detail, a potential at the node 
N4b close to Vdd turns on the sensing NMOS transistor 201, thus the potential at the 
node N2 is lowered to the level "LOW" via the NMOS transistors 203 and 201 . 

[384] On the other hand, a low potential at the node N4b does not turn on the NMOS 
transistor 201 (which may exhibit high turn-on resistance), thus the potential at the 
node N2 being clamped in the first latch la. 

[385] The foregoing operations are performed while the first latch la is active. To ensure 
such operations, transistor sizes are determined so that turn-on resistance for the 
NMOS transistors 201 to 204 are considerably lower than that for the PMOS 
transistors 1 1, 13, 15 and 17 of the first latch la. 

[386] A retrieval operation is performed to a selected cell, and then programming pulses are 
applied to raise the threshold level on the memory cell, thus a bit line being not 



discharged and clamped at the level "HIGH". This allows loading the level 
"LOW" at the node N2 of the first latch la, thus the programming being completed. 

[387] On the other hand, the bit line is discharged when the threshold level of the memory 
cell is low even after the programming pulse application, thus the node N2 of the first 
latch la is clamped at the level "HIGH" in retrieval for programming verification. 
The programming pulse application and the retrieval for programming verification are 
repeated until the node N2 is set at the level "LOW". 

[388] Contrary to FIG. 48, FIG. 49 shows potential change when the data "HIGH" 
preprogramming, or non-programming) has been clamped at the node Nl of the first 
latch la, which neglects the result of retrieval for programming verification because 
programming pulses do not change the threshold level of a selected memory cell. 
The Node N2 of the latch la has initially been set at the level "LOW" for loading the 
sensed data on a selected bit line to the latch 1 a. 

[389] Like the foregoing embodiment, the programming pulse application and the retrieval 
for programming verification are repeated until the nodes N2 and Nl are set at the 
levels "LOW" and "HIGH", respectively, for all page buffers in simultaneous 1-page 
programming. It is determined whether programming to all cells are completed (step 
SI 5 in FIG. 9A), if so, the programming operation ends. 

[390] Disclosed next is the upper (first) bit programming with reference to FIG. 9B. 

[391] In each page buffer, the upper bit data is loaded into the second latch 2a (FIG. 46) 
through the data signal lines "io" and "ion" (step S21), and then transferred to the first 
latch la (step S22), followed by the internal data loading (step S23). As already 



disclosed, the internal data loading retrieves the lower-bit data stored in selected 
memory cells to the latch 2a. 

[392] Like the foregoing embodiments, the first- and the second-bit data to be programmed 
into one memory cell correspond to the first and the second row addresses, 
respectively, for multilevel operation, the two addresses selecting the same word line 
and memory cell. 

[393] FIG. 50 shows potential change in internal data loading. 

[394] The second latch 2a is reset within a period from bit line pre-charging to bit line 
potential sensing. In detail, the resetting NMOS transistor 84 (FIG. 46) is turned on 
to reset the nodes N5 and N6 at the levels "LOW" and "HIGH", respectively. A 
retrieval voltage VrlO (FIG. 43B) is then applied to a selected word line to retrieve a 
bit line potential to the node N4b. The control signal BLSEN2 is set at the level 
"HIGH" to turn on the NMOS transistor 204, thus a sensed result at the node N4b 
being stored in the second latch 2a. Data "11" in a selected cell results in the level 
"LOW" at the node N5 whereas "10" results in the level "HIGH". 

[395] After the programming pulse applying operation (step S24 in FIG. 9B), retrieval 
"VerifyOO" for programming verification to "00" (step S25) is executed, followed by 
retrieval "VerifyOl " for programming verification to "01 " (step S26). 

[396] FIG. 51 shows potential change in "0"-programming to the first bit of 
"11 "-programmed memory cell. 

[397] The node Nl of the first latch la has been set at the level "LOW" for starting 
"0"-programming. A selected bit line is pre-charged from the node N5 of the second 



latch 2a in the retrieval "VerifyOO" via the NMOS transistors 30b and 41b. A 
boosted potential enough for transferring a f, HIGH"-level Vdd is applied to the gate of 
the NMOS transistors 30b to turn on. A potential Vpre for determining a bit line 
pre-charge potential for retrieval is applied to the gate of the NMOS transistor 41b to 
turn on. 

[398] The level "LOW" has been clamped at the node N5 when the data "11" is retrieved 
from a selected cell in the foregoing internal data loading, thus the selected bit line is 
pre-charged to 0V. The retrieval "VerifyOO" thus results in the level "LOW" 
appearing at the node N4b as a result of bit line potential sensing, with no change in 
the data stored in the first latch la even though the NMOS transistor is turned on. 

[399] The succeeding retrieval "VerifyOl" is performed with pre-charging the selected bit 
line via the NMOS transistor 47b with the potential Vdd at the node N4b, like 
pre-charging for a usual retrieval operation. The retrieval "VerifyOl" results in a bit 
line potential appearing at the node N4b, which corresponds to the threshold level of a 
selected cell after programming pulses have been applied. A result of the retrieval is 
loaded into the first latch la. 

[400] The "01 "-programming to the " 11 "-programmed cell is completed when the node Nl 
of the first latch la is set at the level "HIGH" in the retrieval "VerifyOl". 

[401] FIG. 52 shows potential change in "0"-programming to the first bit of 
"10"-programmed memory cell. 

[402] The node Nl of the first latch la has been set at the level "LOW" for starting 
"0"-programming. A selected bit line is pre-charged from the node N5 of the second 



latch 2a in the retrieval "VerifyOO" via the NMOS transistors 30b and 41b. Like the 
foregoing disclosure, the potential Vpre is applied to the gate of the transistor 41b. 

[403] Different from the programming to "1 1 "-programmed cell, the level "HIGH" has been 
clamped at the node N5 in programming to "01 "-programmed cell, for bit line 
pre-charging like the usual retrieval operation. The bit-line potential is then clamped 
at the node N4b in accordance with the threshold level of a selected cell after the 
programming pulse applying operation, the clamped data being loaded into the first 
latch la via the NMOS transistor 203. 

[404] The "00"-programming to the "10"-programmed cell is completed when the node Nl 
of the first latch la is set at the level "HIGH" in the retrieval "VerifyOO". 

[405] The succeeding retrieval "verifyOl" is performed with a high retrieval voltage VvOl 
(FIG. 43B) on the selected word line. The "00"-programmed cell is turned on in the 
retrieval "verifyOl" to set the level "LOW" on the bit line, thus the sensed data 
"LOW" appearing at the node N4b with no change even though the data is stored in 
the first latch la. 

[406] Accordingly, in the retrieval "VerifyOl", the level "HIGH" is clamped at the node Nl 
for the memory cells to which programming has been completed whereas the level 
"LOW" is clamped at the node Nl for the memory cells under programming. 

[407] FIGS. 53 and 54 show potential change in "1 "-programming to the first bit of "11"- 
and "10"-programmed cells, respectively. 

[408] Like the "0"-programming, the retrieval "VerifyOO" and "verifyOl" are sequentially 
executed while the levels "HIGH" and "LOW" have been clamped at the nodes Nl 
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and N2, respectively, of the first latch la with no change even though the NMOS 
transistor 203 (FIG. 46) is turned on. 

[409] The programming and retrieval for programming verification are repeated until the 
node Nl for all page buffers is set at the level "HIGH" (step S27 in FIG. 9B), and if 
so, the programming ends. 

[410] Disclosed next is a usual multilevel-data retrieval operation using the page buffer 
140b shown in FIG. 46 with reference to FIG. 55 showing potential change in first-bit 
retrieval and FIG. 47B showing a flow chart for first-bit retrieval in selection of the 
first row address for multilevel operation. 

[411] A retrieval voltage VrOO (FIG. 43B) is applied to a selected word line for a retrieval 
operation (step S41). During the period from bit line pre-charging to bit 
line-potential sensing, the control signal BLSEN0 is set at the level "HIGH" to turn on 
the NMOS transistor 202, with the NMOS transistor 201 being turned on via the 
pre-charging transistor 47b, thus the first latch la being reset in which the nodes Nl 
and N2 are set at the levels "LOW" and "HIGH", respectively. 

[412] After the bit line potential is sensed, the node N4b is set at the level "HIGH" or 
"LOW" which is then loaded into the first latch la via the NMOS transistor 203 that is 
turned on by the control signal BLSEN1 at the level "HIGH". 

[413] The node N4b is set at the level "LOW" as a result of bit line-potential sensing when 
data "11" or "10" has been stored in a selected cell. This results in no discharging 
from the node N2 via the NMOS transistors 201 and 203, thus the level "LOW" being 
clamped at the node Nl of the first latch la, which is retrieved as data "1 ". 



[414] On the other hand, the node N4b is set at the level "HIGH" as a result of bit 
line-potential sensing when data "00" or "01 " has been stored in a selected cell. This 
results in discharging from the node N2 via the NMOS transistors 201 and 203, thus 
the level "HIGH" being clamped at the node Nl, which is retrieved as data "0". < 

[415] Data retrieval via the data input/output terminals I/O is performed such that the data 
on the first latch la is transferred to the second latch 2a (step S42) for column address 
selection via the column-gate transistors 51 and 52. 

[416] FIGS. 56 to 58 show potential change in the second bit retrieval in accordance with 
the flow chart in FIG. 47 A. 

[417] FIG. 56 shows potential change in the first retrieval "ReadlO" of the two retrieval 
operations "ReadlO" (step S31') and "ReadOl" (step S32') in FIG. 47A for the second 
bit retrieval operation in selection of the second row address for multilevel operation. 

[418] The first retrieval "ReadlO" applies a retrieval voltage VrlO shown in FIG. 43B to a 
selected word line. The retrieval voltage is the only difference between the retrieval 
"ReadlO" and the retrieval "ReadOO" shown in FIG. 47B. 

[419] The retrieval operation results in the level "LOW" at the first latch la from 
"11 "-programmed cells whereas the level "HIGH" from "10"-, "00"- and 
"10"-programmed cells. 

[420] In the succeeding retrieval "ReadOl", a retrieval voltage VrOl shown in FIG. 43B is 
applied to the selected word line, which causes potential change shown in FIGS. 57 
and 58. FIG. 57 shows potential change when the node Nl of the first latch la has 
been set at the level "LOW" ("11") in the first retrieval operation in "ReadOl". On 
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the other hand, FIG. 58 shows potential change when the node Nl has been set at the 
level "HIGH" ("10", "00" or "10") in the first retrieval operation in "ReadOl". 

[421] The second retrieval "ReadOl " requires no resetting operation before bit line-potential 
sensing, thus the result of the first retrieval "Read 10" has been stored in the first latch 
la. The result of bit line-sensing clamped at the node N4b is loaded into the latch la 
via the NMOS transistor 202 that is turned on by the "HIGH"-level control signal 
BSSEN0. 

[422] When "1 1 "-programmed cells are selected, the level "LOW" has been clamped at the 
node Nl of the first latch la (FIG. 57) without respect to the potential at the node 
N4b. 

[423] When "10"- or "00"-programmed cells are selected, a selected word line potential is 
set at VrOl (FIG. 43B) to turn on the selected cell, thus the sensed data "LOW" 
appearing at the node N4b. This results in a high-impedance state for the NMOS 
transistor 201 even though it is turned on (or off), thus the potential at the node Nl 
being unchanged even the NMOS transistor 202 is turned on to hold the data retrieved 
in the former retrieval "ReadOO" (FIG. 58). 

[424] When "01"-programmed cells are selected, they will not be turned on at a selected 
word line voltage VrOl, with no discharging from the bit line, the level "HIGH" is set 
at the node N4b after bit line-potential sensing. The NMOS transistor 201 is then 
turned on to lower the node Nl to the level "LOW" when the NMOS transistor 202 is 
turned on (FIG. 58). 



[425] As disclosed above, the retrieved data is stored in the first latch la such that the node 
Nl is set at the level "LOW" when the second bit is "1" whereas "HIGH" when the 
second bit is "0". 

[426] The data in the first latch la is then transferred to the second latch 2a (step S33), and 
output via the data input/output terminals I/O. 

[427] The multilevel retrieval operation is achieved as disclosed. 

[428] The two-level retrieval operation is achieved with the second latch 2a as a cache 
memory. The re-programming/retrieval circuit 10 having the first latch la is a main 
buffer. The two-level operation performs data transfer only through the second latch 
2a. The retrieval operation applies a retrieval voltage within the two-level data 
threshold level distribution to a selected word line to perform the operation same as 
the retrieval "ReadOO" shown in FIGS. 47B and 55. The programming operation is 
performed like shown in FIG. 9A. 

[429] As disclosed in the foregoing embodiment, the retrieval operation moves onto the 
succeeding page retrieval using the main page buffer 10 after the anterior retrieved 
data has been transferred from the first latch la to the second latch 2a. The 
programming operation loads the data to be programmed on the succeeding page 
address to the second latch 2a after the anterior data to be programmed has been 
transferred from the second latch 2a to the first latch la. These 
retrieval/programming operations achieve a caching function. 

[430] The transistor size of the NMOS transistors 201 to 204 used for inversion of data 
stored in an active first latch la is one of the important factors in FIG. 46. In FIG. 
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46, different from FIG. 2, the result of bit line-data sensing "HIGH" or "LOW" is 
supplied to the gate of the NMOS transistor 201. The level "HIGH" at the sense 
node N4b while data sensing corresponds to Vdd whereas the level "LOW" is almost 
equal to bit line potential after being discharged when a selected cell is turned on. 
The NMOS transistor 201 must meet the requirements in that it is turned on in a 
considerably low impedance state when the sense node N4b is set at the level "HIGH" 
whereas it is turned off or at least in a considerably high impedance state when the 
node N4b is set at the level "LOW". Another important requirement is a small 
turn-on resistance for the NMOS transistors 201 to 203 for ensuring inversion of data 
stored in the first latch la. 

[431] A sufficiently wide margin of sensing is, however, hard to achieve only by design of 
transistor size discussed above. It is achieved by potential control at the node N4b 
with capacitance-coupling using the capacitor 48 shown in FIG. 46 in addition to the 
design of transistor size. In detail, after bit line pre-charging via the NMOS 
transistor 47b, a positive potential, for example, is applied to the terminal CAPG to 
boost the sense node N4b so that the channel resistance ratio of the NMOS transistor 
201 between the "HGIH" and "LOW" output, thus attaining a wide margin of sensing. 

[432] As already disclosed, in the page buffer 140 shown in FIG.2, the main buffer 10 
having the first latch la is made up of a sense amplifier. NAND-type flash 
memories are easy to assemble for mass storage whereas they produce a small current 
from their cells, thus being inferior to NOR type on high-speed retrieval. 
NAND-type flash memories thus usually simultaneously retrieve 1-page memory cell 
data, for example, 512 bytes, selected through one word line, and serially transfer out 
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the retrieved data. These operations require sense amplifiers for 512 bytes to 
5 1 2-byte memory cells. 

[433] The sense amplifier performs bit line-potential clamping and pre-sensing operation 
using the clamp transistor 41 shown in FIG. 2, to achieve high-speed retrieval as high 
as possible. The clamping operation, however, results in a narrow margin of "0" or 
"l"-data sensing. The lower the power supply voltage, or the lower the threshold 
level of the first latch la, the narrower the margin of sensing. 

[434] Such a narrow margin of sensing is discussed in detail with respect to FIG. 59 
illustrating several sensing waveforms. 

[435] In retrieval, a retrieval voltage is applied to a selected word line connected to a 
NAND-type cell block whereas a retrieval "pass"-voltage is applied to the other 
non-selected word lines, for handling series-connected cells as "pass" transistors. 
Here, "pass" means completion of a data programming as already explained. 

[436] Bit line discharging through the source-side gate-selection line SGS (FIG. 3) of a 
NAND-type cell is performed as follows: 

[437] The drain-side gate selection line SGD is always on whereas the source-side 
gate-selection line SGS is always off to perform bit line pre-charging (from moments 
TO to Tl in FIG. 59). In other words, the clamp transistor 41 and the pre-charging 
transistor 47 (FIG. 2) are turned on to perform pre-charging. 

[438] As shown in FIG. 59, a potential BLPRE (Vdd + Vtn) boosted from the power supply 
voltage Vdd is applied to the gate of the pre-charging transistor 47 to apply Vdd to the 
sense node N4. Moreover, the potential BLCLAMP at the gate of the clamp 
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transistor 41 is set at Vpre to re-charge the bit line to (Vpre - Vtn). The potential 
Vtn is a threshold level of NMOS transistors. 

[439] The potential BLCLAMP is then returned to OV to turn on the source-side 
gate-selection line SGS, thus the bit line is discharged or holding the pre-charged 
potential instead, in accordance with the data of a selected cell. 

[440] At a moment T2 (FIG. 59), the potentials SEN and LAT are set at the level "LOW" to 
deactivate the first latch la, and then the NMOS transistor 42 is turned on to connect 
the sense node N4 and the node Nl of the first latch la, thus pre-charging the node Nl 
at Vdd. 

[441] At a moment T3, the pre-charging transistor 47 is turned on to bring the node Nl in a 
floating state. The potential BLCLAMP at the gate of the clamp transistor 47 is set 
at a retrieval potential Vsen during the period from moments T4 and T5 while the 
node Nl is being set in the floating state. 

[442] When data programmed in a selected cell is "1", the bit line potential has been 
lowered below (Vsen - Vtn), thus the nodes Nl and N4 being lowered to the bit line 
potential while the clamp transistor 41 being turned on. 

[443] On the other hand, when data programmed in a selected cell is "0", the bit line holds 
the pre-charged potential, the nodes Nl and N4 holding the pre-charge potential Vdd 
while the clamp transistor 41 is being turned off. 

[444] As a result, for a "1 "-programmed cell, the bit line voltage (Vpre - Vsen) is amplified 
to Vdd - (Vpre - Vsen) at the nodes Nl and N4 and retrieved. For example, a 0. 
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7V-bit line pre-charged potential and about a 0. 25V-bit line-retrieval voltage produce 
the potential at the nodes Nl and N4 amplified to about 2V. 

[445] After the clamping operation, the potential at the node Nl is set at the level "HIGH" 
or "LOW" and stored in the first latch la. A usual retrieval operation activates the 
clocked inverter CI2 (FIG. 2) of the first latch la at a moment T7, and then activates 
the clocked inverter CI1 at a moment T8, for data retrieval. 

[446] Accordingly, after bit line amplification by clamping operation, the "LOW"-level 
potential (waveform "q" in FIG. 59) appearing at the nodes Nl and N4 is required to 
be lower than the threshold level of the first latch la. In other words, the threshold 
level of the first latch la is required to be higher than the potential, the level "LOW", 
appearing at the nodes Nl and N4. Therefore, the levels "HIGH" and "LOW" on the 
bit line in retrieval meet a requirement that a threshold level of the clocked inverters 
dropped to a lowest level due to decrease in power supply voltage will not cause a 
retrieval error. 

[447] On the other hand, the lower the bit line pre-charging potential in retrieval, the smaller 
the cell current because a cell current depends on drain voltage, thus the longer the 
retrieval time. Increase in turn-on current of a "1 "-programmed cell for high-speed 
retrieval will be restricted by a threshold level of the first latch la, thus requiring 
sense amplifier circuit configuration in which the threshold level of sense amplifier 
will not restrict bit line pre-charging potential or voltage. 

[448] Disclosed next are modifications to a sense amplifier applicable to the main page 
buffer 1 0 (FIG. 2) in consideration of the requirements discussed above. 
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[449] The modifications to the sense amplifier disclosed below are applicable to the 
foregoing embodiments for achieving a multilevel operation and caching function, 
and also to usual two-level NAND-type flash memories. 

[450] Moreover, the modifications are applicable to any non- volatile memories that perform 
data storing in accordance with existence of a bit line current or its level, in addition 
to electrically erasable non-volatile memories. 

[451] The modifications will be disclosed as being used in two-level data retrieval in 
NAND-type flash memories. 

[452] (First Modification) 

[453] FIG. 60 shows a circuit diagram of the first modification to sense amplifier, which is 
applicable to the page buffer 10 shown in FIG. 2. 

[454] A bit line selection switch 141b selects either the bit line BLo or BLe to be connected 
to a sense amplifier 141a. The first latch la having the clocked inverters CI1 and 
CI2 stores retrieved 1-page memory cell data until serial transfer for data output. In 
programming, the latch la stores data to be programmed for each page until the 
programming is completed. 

[455] FIG. 61 illustrates the connection of the sense amplifier 141a and a cell array having 
two NAND cell blocks 101 and 102. 

[456] Sense amplifiers (P/B) 141a each for one page are connected to the bit line BLo or 
BLe via corresponding selection switches (BLS) 141b. The sense amplifiers 141a 
are connected to the data input/output buffer 50a via the column gate 150. The data 
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stored in the sense amplifiers 141a are converted into serial data for retrieval by the 
column gate 150 that is switched by a column address. 

[457] Like shown in FIG. 2, the sense node N4 is connected to a selected bit line via the 
clamp NMOS transistor 41, the pre-charging NMOS transistor 47 is connected to the 
node N4, and the transfer NMOS transistor 42 is provided between the node N4 and 
the node Nl (the input terminal of the clocked inverter CI2) of the first latch la. A 
verify circuit 20 corresponds to the transistors 44 to 46 and the capacitor 49 in FIG. 2. 

[458] Connected to the sense node N4 is a capacitor 48c having a terminal BOOST2 used 
for potential control of the node n4 with capacitance-coupling in data sensing. 

[459] FIG. 62 illustrates waveforms in data sensing by the sense amplifier 141a. 

[460] At a moment TO, the potential BLPRE at the gate of the pre-charging transistor 47 is 
set at (Vdd + Vtn) and simultaneously the potential BLCLAMP at the gate of the 
clamp transistor 41 is set at Vpre, to pre-charge a selected bit line from the sense 
amplifier 141a while the transistor 42 is being turned off, the first latch la being 
active. This pre-charging operation sets the sense node N4 in the sense amplifier 
141a at Vdd and the selected bit line at (Vpre - Vtn). 

[461] At a moment T2, the clamp transistor 41 is turned off to turn on a selection gate of a 
NAND cell to discharge the bit line in accordance with data of the selected cell. 
Also at the moment T2, the potential BLCD at the gate of the NMOS transistor 42 is 
set at (Vdd + Vtn) to turn on the transistor 42 after bit line discharging has been 
started. Moreover, the potentials SEN and LAT at the gates of the NMOS transistors 
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1 8 and 14, respectively, are set at the level "LOW" to deactivate the first latch la, thus 
the node Nl being charged to Vdd. 

[462] At a moment T3, the potential BLPRE at the gate of the NMOS transistor 47 is set at 
0V to turn off the pre-charging transistor 47 while the first potential at the terminal 
BOOST of the capacitor 48c is being raised to the second potential, for example, from 
0V to IV, 

[463] Since the node N4 has been in a floating state, the potential at the node N4 is raised 
due to capacitance-coupling. This potential increase is determined in accordance 
with a capacitance ratio between the capacitor 48c and the node N4. 

[464] On the other hand, the potential at the node Nl is raised at most by Vdd because the 
potential BLCD at the gate of the transistor 42 has been set at (Vdd + Vtn), thus the 
potential increase due to capacitance-coupling is not allowed. 

[465] A capacitor, that corresponds to the capacitor 48c, is generally used for suppressing 
leak current or parasitic capacitance when the node N4 is held in a floating state but 
not for voltage boosting like this modification. 

[466] At a moment T4, the potential BLCLAMP at the gate of the clamp transistor 41 is set 
at Vsen to connect a selected bit line and the sense node N4. 

[467] Potential change (a) to (d) at the sense node N4 is illustrated in FIG. 62, which 
corresponds to bit line potential change in accordance with data of a selected cell. 

[468] The change (a) indicates potential change at the node N4 to programmed data "0" for 
which the selected cell has a considerably high threshold level, in which the bit line 
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potential is almost clamped at a pre-charging potential, thus the clamp transistor 41 is 
not turned on to clamp a boosted potential at the node N4. 

[469] The change (b) indicates potential change at the node N4 to programmed data "0" for 
which the selected cell has a threshold level close to a selected word line potential, in 
which a sub-threshold current flows, the bit line potential and also the potential at the 
node N4 is slightly lowered. 

[470] The change (c) indicates potential change at the node N4 to programmed data "1" for 
which the selected cell has a high threshold level, in which bit line discharging is 
delayed, the potential at the node N4 is at an intermediate level like on a selected bit 
line. 

[471] Moreover, the change (d) indicates potential change at the node N4 to programmed 
data "1" for which the selected cell has a considerably low threshold level, in which 
the node N4 is connected to a selected bit line, the potential on which is discharged to 
almost 0V, thus the node N4 is discharged to almost 0V like the bit line. 

[472] The operation at the moment T4 is one of the features of this modification in which 
bit line potential is amplified with a high potential at the node N4. 

[473] At a moment T5, the potential BLCLAMP at the gate of the clamp transistor 41 is 
varied to Vsup that is slightly lower than Vsen but higher than the threshold level, to 
turn on the transistor 41 almost at 0V. This potential change does not allow the node 
N4 to be connected to the selected bit line unless the potential on the bit line is lower 
than when the potential Vsen is applied. 



[474] At a moment T6, the potential at the terminal BOOST2 is returned to OV. The 
decrease in gate voltage to the clamp transistor 41 makes it hard for the node N4 to be 
connected to the selected bit line, thus the node n4 being easily brought into a floating 
state. 

[475] In the change (a) to (c), the potential at the node N4 is lowered in accordance with the 
potential drop at the terminal BOOST2. On the other hand, in the change (d) in 
which the potential at the node N4 is set at almost OV after the moment T4, the node 
N4 would be lowered to a negative potential, if the node N4 is in the floating state, 
which is, however, protected from being lowered to a negative level because a current 
flows to the node N4 from the selected line via the clamp transistor 41. Such 
protection of potential decrease is achieved by the capacitor 48c whose capacitance is 
smaller than the bit line capacitance. 

[476] As disclosed above, in "0"-data retrieval in accordance with the change (a), the 
potential at the node Nl returns to Vdd that is the potential before boosting by the 
capacitor 41. On the other hand, in 'T'-data retrieval in accordance with the change 
(c) for which bit line discharging is slow, the potential at the node Nl is dropped to a 
potential lower than the bit line potential. 

[477] Accordingly, the sense amplifier in this modification performs not only amplifying 
the potential at the node Nl higher than the bit line voltage but also to lower the 
potential which is equivalent to amplification to a lower potential, thus achieving a 
big difference between levels "HIGH" and "LOW" at the node Nl. 



[478] At a moment T7, the potential BLCLAMPO at the gate of the clamp transistor 41 is 
set at OV to completely disconnect the node N4 from the bit line. 

[479] At a moment T9, the clocked inverter CI2 is activated, and at a moment T10, the 
clocked inverter CI1 is activated, to load two-level data "HIGH" and "LOW" at the 
node Nl to the first latch la. 

[480] FIG. 62 indicates the range of threshold level (inverted threshold level) of the CMOS 
clocked inverters CI1 and CI2 of the first latch la in consideration of variation in 
power supply Vdd and process. 

[481] In this modification (FIG. 60), the potential at the node N4 is boosted via the 
capacitor 48c to sense a bit line data by a clamping operation, and then the potential 
at the node N4 is lowered in which the level "LOW" at the node N4 in retrieval of 
"1 "-programmed cell is lowered below the lit line potential level. 

[482] The modification, thus, achieves correct retrieval with no error even the potential 
level "LOW" on the bit line is higher than the threshold level the clocked inverters 
CI1 and CI2 of the first latch la. 

[483] A higher voltage level to the capacitor 48c offers higher set values for "HIGHMevel 
pre-charging potential on the bit line and the potential for "LOW"-level retrieval, etc. 

[484] In FIG. 60, the potential BLCD to 'be applied at the gate of the NMOS transistor 42 
connected between the nodes Nl and N4 is set at (Vdd + Vtn) to boost the potential 
only at the node N4 because the node Nl is connected to the drain of the PMOS 
transistor 13 of the first latch la. 
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[485] This potential application is one requirement for the first modification because if the 
potentials at the nodes Nl and N4 were simultaneously boosted, it would bring the 
pn-junction of the PMOS transistor 13 into a forward-biased state so that the potential 
at the node N4 is not boosted. 

[486] Another requirement for this modification is that the voltage BLCD applied to the 
gate of the NMOS transistor 42 is higher than the threshold level of the clocked 
inverters CI1 and CI2 of the first latch la for transferring a voltage lower than Vdd, in 
other words, not necessarily be (Vdd + Vtn).] 

[487] A control signal REG to be applied at a moment T8 in FIG. 62 is used for retrieval 
operation, such as, retrieval for programming verification. In FIG. 60, the control 
signal REG is applied to the gate of the NMOS transistor 43 connected between the 
node N4 and the verify circuit 20. 

[488] In detail, the control signal REG is used in repeated programming pulse applying 
operation and retrieval operation for programming verification to keep the threshold 
range of data to be programmed in a given range for data programming per page in 
NAND-type flash memories. 

[489] For each bit on which programming has been completed, data is set for prohibiting 
programming at the succeeding programming pulse applying operation. 

[490] In detail, at "0"-data programming, a selected bit line is pre-charged at the level 
"LOW" at the node Nl. The node Nl is set at the level "HIGH" in retrieval for 
programming verification on a "0" -programmed bit when "0"-programming (electron 
injection to the floating gate) has been sufficient. The level "HIGH" at the node Nl 
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prohibits the succeeding programming. Insufficient "0"-programming will result in 
the level "LOW" at the node Nl, thus "0"-programming is performed again to a bit on 
which '^"-programming has been insufficiently performed. 

[491J On the other hand, at "l"-data programming (for prohibition of programming), a 
selected bit line is pre-charged at the level "HIGH" at the node Nl and held at the 
level. The retrieval operation for programming verification results in the level 
"LOW" at the node Nl. Bit line pre-charging at this level for the succeeding 
programming results in "0"-programming. This requires inversion of the data at the 
node N4 to the level "HIGH" (programming prohibition) in retrieval operation for 
programming verification. 

[492] These potential control at the nodes Nl and N4 are performed by the verify circuit 20. 
The circuit 20 sets the level "HIGH" at the nodes Nl and N4 when the level "HIGH" 
is applied as the control signal REG to the gate of the NMOS transistor 43 only when 
the potential at the node Nl is "HIGH" at the moment of programming pulse applying 
operation. 

[493] (Second Modification) 

[494] FIG. 63 shows a circuit diagram of the second modification to the sense amplifier. 

[495] Elements in this modification that are the same as or analogous to elements in the first 
modification (FIG. 60) are referenced by the same reference numbers and will not be 
explained in detail. 
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[496] The difference between the first and the second modifications is that the latter is 
provided with a capacitor 48a, one of the terminals thereof being grounded, in 
addition to the capacitor 48c for applying a boosted potential to the sense node N4. 

[497] The second modification requires a drive voltage to be applied to the terminal 
BOOST2 of the capacitor 48c higher than that for the first modification to attain the 
same boosted voltage at the Node N4 because capacitance at the node N4 is larger 
than that for the capacitor 48a when the potential at the node N4 is boosted. 

[498] In other words, in FIG. 60, an intermediate drive voltage is required for attaining a 
desired boosted voltage at the node N4 whereas, in FIG. 63, the power supply voltage 
Vdd can be used as a boosting drive voltage which depends on selection of 
capacitance to the capacitors 48a and 48c. A voltage range from 0V to Vdd to the 
terminal BOOST2 of the capacitor 48c offers simple circuit configuration. 

[499] (Third Modification) 

[500] FIG. 64 shows a circuit diagram of the third modification to sense amplifier. 

[501] Elements in this modification that are the same as or analogous to elements in the 
foregoing modifications are referenced by the same reference numbers and will not be 
explained in detail. 

[502] The difference between the second and the third modifications is that the latter is 
provided with a PMOS transistor 82b (as a pre-charging circuit) that is controlled by a 
control signal PPRE applied to its gate and a capacitor 48b connected to the Node Nl, 
one of the terminals being grounded, for clamping a potential at the node Nl . 



[503] In FIG. 60, the voltage (Vdd + Vtn) is applied to the gate of the NMOS transistor 42 
in boosting the potential at the node N4 under the control at the terminal BOOST2 of 
the capacitor 48c, so as not to raise the potential at the node Nl . 

[504] The voltage (Vdd + Vtn) must be precise, otherwise the pn-junction of the PMOS 
transistor 13 of the first latch la will be brought into a forward-biased state, which 
obstructs the potential at the node N4 to be boosted. This requires a controlled 
voltage BLCD applied to the gate of the NMOS transistor 42 to attain the potential at 
the node Nl lower than Vdd but higher than the threshold level of the first latch la. 

[505] Contrary to the first modification, the third modification (FIG. 64) enables 
pre-charging of the node Nl with no relation to the node N4 for simplified control of 
the NMOS transistor 42 as discussed above. The voltage BLCD applied to the gate 
of the transistor 42 may be a voltage for transferring the potential at the node N4, 
which appears when the node N4 is connected to a selected bit line by the clamping 
operation, to the node Nl, or higher than Vsen applied to the gate of the NMOS 
transistor 41. The power supply voltage Vdd is, for example, applied as the voltage 
BLCD to the gate of the transistor 42 at a given timing. 

[506] FIG. 65 illustrates signal waveforms in the third modification. 

[507] The bit line pre-charging operation for the period from a moment TO to Tl is the same 
for the first modification in FIG. 60. At a moment T2, the control signal PPRE at the 
gate of the PMOS transistor 82b (FIG. 64) is set at "LOW" (Vss) to pre-charge the 
node Nl to Vdd while the signal BLCD at the gate of the NMOS transistor 42 is the 
level "LOW", thus the node Nl being pre-charged with no relation to the node N4. 
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At a moment T3, the signal BLCD is set at a level, Vdd, etc., higher than Vsen 
applied to the gate of the NMOS transistor 41 . The NMOS transistor 42 is turned off 
when the signal BLCD and the potentials at the nodes Nl and N4 are all Vdd while 
the potential at the node N4 is being boosted via the terminal BOOST2 of the 
capacitor 48c. 

[508] In FIG. 64, like shown in FIG. 63, the two capacitors 48a and 48c are used for 
boosting the potential at the node N4, however, the capacitor 48c only is essential like 
shown in FIG. 60. 

[509] At a moment T4 in FIG. 65, the pre-charging control signal PPRE is set at the level 
"HIGH" to stop pre-charging to the node Nl, thus the node Nl is in a floating state. 
This operation offers a sharp cut-off characteristic to the NMOS transistor 42 to stably 
raise the potential at the node N4. 

[510] At a moment T8, the signal BLCD applied to the gate of the NMOS transistor 42 is 
raised to (Vdd + Vtn) before activating the first latch la, for re-charging the potentials 
at the nodes Nl and N4 to the level "HIGH" after they are discharged, in retrieval for 
verification of "0"-programming. 

[511] (Fourth Modification) 

[512] FIG, 66 shows a circuit diagram of the fourth modification to sense amplifier. 

[513] Elements in this modification that are the same as or analogous to elements in the 
foregoing modifications are referenced by the same reference numbers and will not be 
explained in detail. 
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[514] The fourth modification requires no potential boosting at the node N4. The 
capacitors 48a and 48b are connected to the nodes N4 and Nl, respectively. One of 
the terminals of each capacitor is grounded. Also connected to the node Nl is a 
resetting NMOS transistor 82c. 

[515] FIG. 67 illustrates signal waveforms in the fourth modification. 

[516] Bit line-data sensing is performed by the bit line pre-charging and clamping operation 
in this modification with no boosting of the potential at the node N4 while the signal 
BLCD is OV, thus the NMOS transistor 42 is turned off. The node N4 and a selected 
bit line is connected by the clamping operation. 

[517] After a bit line potential appears at the node N4, the voltage (Vdd + Vtn) is applied as 
the signal BLCD to the gate of the NMOS transistor 42 at a moment T5. Before the 
moment T5, a resetting signal NRST has been set at the level "HIGH" to reset the 
nodeNl to OV. 

[518] Under the control disclosed above, the NMOS transistor 42 is turned on to distribute 
charges stored in the capacitor 48a to the capacitor 48b. This charge distribution 
lowers the potential at the node N4 while raising the potential at the node N4, thus the 
level "LOW". The bit line-data, can be retrieved at the node N4 as "LOW" even 
though the level "LOW" is higher than the threshold level of the first latch 1 a. 

[519] The sense amplifier 141d in the fourth embodiment is simple in its operation 
compared to the sense amplifiers 141a, 141b and 141c in FIGS 60, 63 and 64, 
respectively. 



[520] On the other hand, at the moment T5 in FIG. 67, a level "HIGH" at the node Nl 
decided by charge distribution from the node N4 too low, or lower than the threshold 
level of the first latch la results in failure in "0"-data retrieval. Thus, compared to 
the circuits in FIGS. 60, 63 and 64, the sense amplifier 141d in FIG. 66 has a low 
flexibility in bit line potential settings for retrieval operation. 

[521] (Fifth Modification) 

[522] FIG. 68 shows a circuit diagram of the fifth modification to the sense amplifier. 

[523] Elements in this modification that are the same as or analogous to elements in the 
foregoing modifications are referenced by the same reference numbers and will not be 
explained in detail. 

[524] In the foregoing modifications in FIGS, 60, 63, 64 and 66, the data at the node N4 is 
directly transferred to the node Nl of the first latch la via the NMOS transistor 42. 

[525] On the other hand, in FIG. 68, the node N4 is connected to the gate of a sense 
transistor NMOS 70, thus the data at the node N4 is transferred to the node Nl via the 
transistor 70. The source of the transistor 70 is grounded while the drain is 
connected to the nodes Nl and N2 via switching transistors 71 and 72. 

[526] Also connected to the node N4 is the boosting capacitor 48c having the terminal 
BOOST2, like shown in FIG. 60. 

[527] A usual retrieval operation in this modification is explained with respect to FIG. 69 
illustrating signal waveforms. 



[528] At a moment TO, the voltage (Vdd + Vtn) is applied as the potential BLPRE at the 
gate of the discharging NMOS transistor 47 while applying Vpre as the potential 
BLCLAMP at the gate of the clamp transistor 41, to pre-charge a selected bit line to 
(Vpre - Vtn), thus Vdd appearing at the node N4. A control signal BLSENO is 
simultaneously set at Vdd to reset the potentials at the nodes Nl and N2 of the first 
latch la at the levels "HIGH" and "LOW", respectively. 

[529] Bit line pre-charging is completed at a moment Tl. Then, a selection gate of a 
NAND cell block is turned on in which the selected bit line is hard to discharge, 
which depends on data of a selected cell, thus the bit line holds the pre-charged 
potential. The pre-charging transistor 47 has been turned on by a moment T2. It is 
then turned off, and at a moment T3, the potential at the terminal BOOST2 of the 
capacitor 48c is raised by, for example, IV, to boost the potential at the node N4 by 
capacitance-coupling. 

[530] At a moment T4, the potential BLCLAMP at the gate of the clamp transistor 41 is set 
at Vsen to retrieve bit line potential in the range of (Vpre - Vsen) while the potential 
at the node N4 indicates potential change (a) to (d), compared to those shown in FIG. 
62. 

[531] In this modification, the NMOS transistor 72 is turned on in the change (a) and (b) 
while turned off in the change (c) and (d). 

[532] The control signal BLSEN1 is set at Vdd to turn on the NMOS transistor 71, thus the 
node Nl of the first latch la is inverted to the level "LOW" in the change (a) and (b) 
while the node N2 is clamped at the level "HIGH" in the change (c) and (d). 
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[533] The potential at the node N4 is boosted in data sensing in the sense amplifier of this 
modification. This potential control offers a small size for the transistors 70 to 72 
which may otherwise tend to be large due to forcible inversion of the first latch la. 

[534] The fifth modification loads data into the first latch la while the potential at the node 
N4 is being boosted as indicated in FIG. 69. However, like the first modification of 
FIG. 60, data may be loaded into the first latch la after the potential at the node N4 is 
released from boosting. Moreover, like the second modification of FIG. 63, besides 
the boosting capacitor 48c, another capacitor (one of the terminals being grounded) 
may be connected to the node N4. 

[535] FIGS. 70A to 70C illustrate the capacitors 48c, 48a and 48b, respectively, used in the 
foregoing modification. 

[536] Illustrated in FIG. 70A is a MOS capacitor using a D-type NMOS transistor. The 
gate may be connected to the node N4 or Nl and the drain and source are both 
connected as the terminal BOOST2 or ground terminal in the foregoing modifications. 
It is preferable that the transistor is turned on even when the potential at the terminal 
BOOST2 is raised from 0V to a positive potential. 

[537] Illustrated in FIG. 70B is a capacitor formed between a first layer-polycrystal silicon 
515 and a second layer-polycrystal silicon 514. This type of capacitor is applicable 
to non- volatile memory cells because these cells usually have a stacked-gate structure. 

[538] Illustrated in FIG. 70C is a capacitor formed between an n-type well 517 and an 
electrode 515 formed over the well via an insulating film. The n-type well 517 is 
formed with an n + -type diffusion layer 516 that is connected to the terminal BOOST2 
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in the foregoing modifications. It is preferable that an n-type layer 518 of density 
higher than the n-type well 517 is formed thereon to attain a stable capacitance 
without respect to the potential at the terminal BOOST2. 

[539] As disclosed above, according to the present invention, a re-programming/retrieval 
circuit (page buffer) having two latches achieves high-speed programming speed by a 
caching function and large storage capacity by a multilevel function in flash 
EEPROMs. 



